Searching PAJ 



1/2 s<— is 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2001-338861 
(43)Date of publication of application : 07.12.2001 



(51)Int.CI. 




H01L 21/027 
602B 3/00 
G03F 7/20 




(21)Application number 


2000-157332 


(71)Applicant 


: NIKON CORP 


(22)Date of filing : 


26.05.2000 


(72)Inventor : 


KUDO YUJI 








TANUSU OSAMU 








TOYODA MITSUNORI 








SHIBUYA MASATO 



(54) ILLUMINATION OPTICAL DEVICE AS WELL AS APPARATUS AND METHOD FOR EXPOSURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce damage to an optical 
member in an illumination optical device. 

SOLUTION: The illumination optical device comprises a light- 
source-image magnification means 75 which is arranged in a 
position conjugate with a face W to be irradiated, or in a part 
near the position as a position in an optical path between a light 
source 1 used to supply illumination light and an optical 
integrator 7 used to form a secondary light source composed of 
many light source images, and which magnifies the light source 
images. 
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«±, 9ui3^-r*n^>X7U-f©AWfflHffiH£ftfcA 
Stfld * ; # 7 * 4 H x. S * ©T- 5 o 
[0 0 3 0] sii^lSt 2 6C<i>^5^1lt — 

i~25 ofirn*— ai3«©fiB 

[0 0 3 1 ] Ig5j<« 2 7 Jc*»i»a»BH:. ff&H 2 6 12 



ft©S£hKffi;£;£l3Cifi3£-f S:£|r1©II£ i:#Sfc-3 

[0 0 3 2] R$« 2 8 t****S8tt, ;<*->#Jg 

MS^atfeoT, Si 1 ~ 2 5 ©f5Tn^-ffll2 
*©^H^*^g4ffl^TmiI2v^^t:^bTBuf2MB^ 

[0 0 3 3] 

[*W©*lfi©JKJI8] **W© iSttHffiC 
*-5^TK9rr.5. BIB, **W©*MHBfflt A»*>S 

tlTfeS. HI (a) \Z#^X. mft&tin&mifit! 

Ztt4s ^x^MffclfciJOTH 1 ©SEfflt^^Tft^lRltC 

[00 3 4] 11 (a) fcjj*-r»«*Jte*HBtts 
(BW*) <&«J&-r-5fc»©Jt«l fcbt, #J;U£2 4 

8 nmlfeli 1 9 3 nmfflilSg©Jli*ttf6t4i*i'? 

U— !f-*»*(i*-CV^. *«l*»6**Jte«AXfc: 

[0 0 3 5] Cffl^®MgCT-«±, Att*JR*:SVMC3feR 

sh©m tt e> *t&«»© t mn r z t us in w t 
t, 3teasi»2t:j:!)«-ia*n4«at*^T3t— u 

*><t ZT&m-PT.'*. <y f;K5^4*fi»CfPi S C i: A s 

±m.o x *> tt %m m u * %m a x t ?& o t 3 © t iag r 

[0 0 3 6] C©fi©*®M^fi^|§LT(i, 0<Jx.«^ 
BB¥ 1 - 1 9 8 7 5 9 ^&*L ^ifi¥ 1 1 - 1 7 4 3 6 
5 -#4i$g, 1 1 - 3 1 2 6 3 1 1 

1-21591 *W«««SVBIffl. 11-256 

2 9^H^.^ffl»svll®^ir^c||^^^^nTv^So 

[0 0 3 7] *5l®a52S^bT^F^WC'r>3t-l/ 

> h^f>fi©^;u^tKP^fr5t^-fiJ^nfc**{±, «ft 
©T-T t> D I/>X7l/-f 3 1 , 3 2 SrlSltfe^ — U v Y 

3 O-slS]* 1 -?. 

[0 0 3 8] 0 1 (b) \Z*>-\sv h 3 0 5:^©WttlfiiJ 
*?.SfeXY¥IKfeS. HI (b) t^-r«t5t:> 

3 #aei (0>jx.«4fe 8«i3Q mwmwn? 

D1/>X7M 3 2 jffiWBgWffl05tSS3 3 fc*B|* 



6 




1HU XY¥B±t2*5cvh Us/i'^ttt:B5iJ*n& 

©7-f!?Dl/>X7V>ft > X Y i PS±{C 2 &7tV h 'J 

y*vlttfcffiM£ftfc£tt©l/>Xffl*tf U CM® 

So 

[0 0 3 9] yTOfftET'tt. «»HBfflC7-f ^DU 
>X7i/-f 3 l#JIBW3fcBS*fciase$lXfc»^*±fcK 
it5. 01 (a) tlot, fiWfflOT-ffDl/ 
>X71/-f 3 l©Itffll/>XItt, *®SgE2 5:^U 
fc*Blfr&©**4B*U"C«tt©#»» (U>X® 
©H*r*#jE©i:gttB»» M©h£(i£i«0 *}gJ« 

i©WHi«CH:, r?*- *;ux-A#gs*4MEB* 

(i, 7 7*-*;i/X-A}fc3MI4*:rt-U&SL IS^^tv 

M?l?5 1-5 3 4fltAfc^-l/v h 5 O'slfilfr 

[0 0 4 0] Ml (c) b 5 0£^©*ttB« 

^^IfcXYWBT-feS. Ell (c) £jSr«fc-5{C, 
*-l/>y h 5 Ofi. *&^MWffl©0*f5t^?5 1 fc, 

(«*«4«x 8mm) mmm<D^^m^5 

2L ilBflRWJaciUrite^B? 5 3 
[00 4 1] ZCT-> cneOiltfJt**^*, 

Welt tt*JHB8fflCD0#f**3R?5 ltt, JH«H3fc*« 
B©*tfi (ZW) £i&oTXJtUfcft*£, 

tttmz. 77—y 4—)\sYw&iz&^-citfmz.m&.iL\s 

[0 0 4 2] &s x [Hllf*^?ttt^WlSk:*5»ta 
^ y £ ;u©#g£ # £ S ©T% 

»^-(CAo-r{iJtSSa5 2©i9:B4#i»S^aci: i fet-g 
S. STs 01 (a) Izm-oT. ttWBBBfflCDT-f *P 
b>X7-L-f 3 1 fcffijgi* tt^ 



2001-3388 6 1 (P2 0 0 1-3 3 8 8 6 1 A) 



?^^DU>X7l"f 3 1SI577*— #71>X— AJt^ 

^4tc«t-pT#x.?»nfe3f^©^s (nnR) £«-fs 

tt\ «h&mEB*)CBT?fca 'J >^tt©#3£S#*|iT-lifc 

©*&a#^#jfM£ft-5. 

[0 0 4 3] Ell (a) ©flttftt* @Mf I?5 1 
(5 2, 5 3) C«»raX-A3t^:*6 3&«s ?CD77 

X-A#**6©B«fcj(MJiB$&tt*fflifi«©{5iBfc 
[0 0 4 4] C Cfv X-A*9i*6©«uaffi«*BB 

faci:tj:D, »»tt©*si««-*tt*©(ft*it (tt 

*©*gC*rr4|>3«©Jfc) *««?UooJt«|fl«lClt* 
•If'h-rS. Sfcs Bui£©:il *K 77t-*^X-AA 
*»4©fc<&**BMraci:fc:J:»)*He©* (*&#© 

Ctl?.ffl77*-*;i'X-A*?f,4Sy : X-A*?S 
A J X? g 3 o 

[0 0 4 5] g-fc, ^lSfflffi©T-f^Dl/>X7V 

ou>X7w 3 2fcjej&wffl**rrs«ft©u>xii! 

tfJfcjS^ftT^ Y-f7ni/>X7l/^f3 2*6 

^!E$tiT7 7*-*;i/X-A^#^4fc:AltUfc^m 
{±s 7 7 *-A;i/X-i*?^ 4 ©ft^S?-f 7 D 1/ > 
X7U-f 3 2 t UfclKO*ffifc33^rjeJBWffi*S-rS 
ftSfcfcfctK 77*-A;uX-A#:|*?MfflfcfgJfSKjS 

Dfe^js (nose) *mr&ftmt.is-c®2tx¥m¥5 
2tcxit-r-So 

[0 0 4 6] 0}fm?5 2©77-7-f-;^-S 

a, r&fo%x-A*¥*6©«««u£(ftB, 
*t-2>a^©*m* s soi*-rs. 

[0 0 4 7] B*JISlWI$i:n«fc:, 77*-A 

;uX-A3te^4©fcfg^*£M-rsci:£«fc»K X- 

$ns4o©jgjf$»fs©^m©^©7<#$* s *n-eti 

SdfclCfc t) , X-A*?M6fflMMfii$fett^ 

©jfi^©<2Bt:ffM$tis 4^>©jgjfc»fa©>fem©'f 
ffiB © £M $> © sggt *s mm ts n s . 

[0 0 4 8] aBBWI^Co^XKWrak, c 

©tlttt, ^ - 1/ •> h 3 0 ©TtSP 3 3fc 

5 3 hL&mmitmizmfeznzo ftot, 77^-** 



7 




7 y * —ij ;ux— a 4 fct tf— a + t. j \ > y t b 

[0 0 4 9] 0*f 5 3 {±, BUMOii t> ¥frit* 

X-AJte¥*6©*UStffi*4*Sf«£fc 

[0 0 5 0] fti>\ HI (a) 

h 3 0 4Sil/f7-fi?DU>X7W ©2S& • Jf 
flfcftfif^fii lfE®jeU3 4, 7:7*— *;UX-A#**4 
©U>XftIgI!)LT^©^{S^ft^M-f £i§2^Ijjg|$4 
4, h 5 OtBftbTimf***^©*!***? 

-5 fg 3 ^1635 5 4 , X-Aft3^6©U->XftIBffijUT 

Cft?>©gil~g5 4!§gi!jgi53 4 , 4 4, 5 4, 6 4lt 

[0 0 5 1] 3T\ X-A#*JR 6 j&» &©#*«> — » 

l/-^7CA»n. «T, H2-H4 4#JRUT, * 

[0 0 5 2] 02 (a) fcfctfX^-f #;i"f VirXU-* 
7 (DY ZWimmx-fy*). m2 (b) ttarXT'-f V 
f^l'-^7ipCD?-<i'DU>X71/'f7 1 (72)© 

[0 0 5 3] M2 (a) C^natv **BBKfflO* 
7^-r >"t?U— 9 7(i, -MOV-fi'Dl/yX 

7 1, 7 2t> T-f l/>X7V-f ©AftffitC 

{as-raAStfljA^-tf^x 7 3 Y-f^ni/vx? 
u-c ©ittBffistffifi-rawtii^i*-''!— #7* 7 4 t, 

[0 0 5 4] CCT% -^©V-i-^Ol/VXTU-f 7 
1, 7 2J4EOfcHi;a*1*ja4#U EI 2 (b) £^ 

fc*»OJeJBtt»BS«DiEJB*f*CD«'J^>X5*7 1 a 
(7 2a) ft«S^&Jt^^T-*S= &x"f*DU>X 
7l/-f 71, 7 2lt ««IE;efflM*© J Ffi :i FH:tf7*aS 
ffi70 1 tC3i^^>XSaSftSSbTR^tt©Wa«^7 

0 2c«/j\u>xffi*j&«racfcc\fcoT*jfc3*iT 

[0 0 5 5] ft*, @2 (b) T*fcfc, §v-f^DU>X 
7H 7 1 (7 2) ©AM#JCJfcJj££ft3#i£©e»/hU 
>XB7 1 a (7 1 b) ©^ftia^Ufe* 5 , Sv-fJ'D 
U>X7l/-f 7 1 (7 2) fcfc, A»fflltJB«*nfca» 
®»'M/>XiB7 1a (7 2 a) ©-tti-tftii&lfifc:, 
*©ltWttfc»jSi**l&*'hl/>X®7 lb (7 2b) 



2 0 0 1-3 3 88 6 1 (P 2 0 0 1 - 3 3 8 8 6 1 A) 



ft* UTV>-2>. ICiS'hV>XI7 1b (7 2b) fc, 
¥ff¥®^7XS«7 0 1 CjfiSftfc^y^-^ffliJifc 

[0 0 5 6 ] *^a5ff^tC*WS*X^^*;L"r>7 i X 
^ * 7C£Vvt* *2tt**7 0 2rtlCHU 1 0 001 
~5 0 0 0 0flg, *V>tt-en«±<0R©«/M/>XB7 

la (71b, 72a, 72b) *tTV>£. C 

©3&'M'>Xa©*t;*{±0>J;it£ 0 . 5 4mmx0. 2 
mmflJSL *?a«^7 0 2©Bgft^Jx(i0 8 6mmt 
1-SCt*ST-§, £©»^Cti:«/hU>Xffi©fflR*5 
0 0 0 0ilStt33fc#T-§5. ft*, HBtrli, 

■?-©^Bt-fb©fc»t -7>f ^ d u>xru-r tiff^^ns 
vXMS^J; t) #*C'J>ft < s it ^-5. 

[0 0 5 7] £ «fc? ?-f^DL/>X7W 7 

£ft5fei£>, lo©?&/hU>XB©^)fctt(;i:'i':i^W± 

«d«8W«« i:ffl««&R - ^mmnmx'itm^mik - 1 ft 

[0 0 5 8] 0 3 fcfc, -Jt©?^^DI/>X7l/^7 
1, 7 2®*KlTfe5. 0 3t^-r«fc-5C, v-T^D 
U>X7H 7 1©— *f©e»/M/>XB7 1 a, 7 1b 
fc, ?-fi?Dl/>X7H'72 0-M©»^ V >XI 7 
2 a, 7 2 bfcfcfc, BI*-^l«»Tf^r*«lt:*oT* 

[0 0 5 9] H3CSt[*^tJ:3C, Mtifi^ti 
yiJ$tlfc»/hU>XB7 1 a, 7 1b, 7 2a, 7 2b 

***cDaflijft^ffiic*««*»j«-ra. $fc, H3tc 

B7 1a, 7 1b, 7 2 a, 7 2 .b #6 ft S-g-JdbfrgMi 
©i«MI4 i t"f^DV>X7V'f 7 1©A£*B («& 

'M/>xi7 la) i:— sc-ra eta icmmznx^Zo 
[0 0 6 0] *«c»ors«**is*'hu>XBJa^ 

©fiS'M^XBCfc^Tt), V-f^nl/>X7l"f 7 1 
© A9f«©«»©*/h U >XB4:lttB«©*S©«/.h U 
>XB, v^^Dl/>X7U-f 7 2 ©Attflil©^ RfflSft 

/hu>xBt»ai«oaft©*'M/>xB©*ti-pn 

[00 6 11 1-31, -M©?-f^Dl/>X7V-f 7 
1, 7 2©«fl«ljftfflCtt, #»©3tejB*©*^**6 
fca2jfc#S#JBriUFftS. ft*, #XMi&mrctt* - 
M«)7-i'i'OU>X7l/-f 7 1, 7 2©^#J<SU£B#M 

wft^mmom mwm) tfto-c^s. 

[0 0 6 2] 2 &#31©jfctt«;fc, ^-X^-<*;u 

-f>^XU- #7 fcA»* a#*©WBJ{Stti:«(i:fflfcl 
©ff^ttiiftD, W*.«*H!f8Wifli©v-f i?ni/>X7l/ 
-f 3 1 JittflifflCltf^TS 1 
t8ft«*tiS»^-ttt, fil^tt©2 Kftffi&mwmizB 

mtsti. ztz^mm (4 sis) flaw^c^-f ^du>x 



mm2 0 0 1 - 3 3 8 8 6 1 (P 2 0 0 1 -3 3 8 8 6 1 A) 



t bfeX Yffi«fc *«r^T!B 1 ~SS 4 ftpg©^*i^ti£& 
■ *4£fl&»rB5©4o©3teSlfe©*##) tf^SHBltJI? 

[0 0 6 3] £t\ il(Cl-3t> ffP^Bl (-*f©vf 
*'D1/>X7H , 71 ) 7 2 ©SHIM^S) ©ffiB£ 

3&&!> 8#Efi;**iT:fc»K £©iEU$5E!> 8©&B£Jg 

jEffi$ns 2ac^®A^e.©*m(i. Bu#j^^* s 4r^ t> 8 

©G!^fc&Bife©£ftfcX-A3>7 ? >1r*£2&9£<fc 

&9(4, f sin<9©«imt££W-f SX-AUVXT-ifc 

©HPgHu ±j4©*JW«14CJ:»)«I»*na!(l5B 
■&«UOBi(MCJ: »>iir£©Hnfi^tt£Sft3. 

[0 0 6 4] flSQBttfffS!) i o©Bio«*aau&** 

[0 0 6 5] CCDlM^MitS 
>*»£©:*«. l'?-*;i'R£.'}x,'\Wfc.©P^£{jiB-f 3 
«&3fr3MSPL*tf-b-t£x/\W±£&U r>x^W± 

JU^x-i/'l 2±(C«S^tlti3D, £x.;\WJ4'i>£< 
i: * X Y¥ffil*lT- 2 ^TcWfC^llRlfg* O^^v^t 1 -^ 
1 3±t«4B£tVT^5. 

[0 0 6 6 ] *HSEJKffi-f{±, ?x;\W±©g7t!g«ix 
U5=-^;i/R±©MW^©ffJiKttX*[qHCfi^*|ql*# 

{£3* -l/4fg, - l/5fg, -l/6<g 

[0 0 6 7] St, ±j$©«t-5t*§liti^JC*Jt'>T 

tt, ttf MS ta^ifiMffl 2 ft^is^-f d 1/ 

VX7H-3 1, 3 2 SVIllf^fl? 5 1 , 5 2 

(«MIF»tt**«a«tt«© 2 ***) T-(i, C©2& 
3fc3S4JBfiS,TS^^ffl3ti®(^©x^;u^-mftA s iti<«: 

So 



[0 0 6 8] £©i§£\ ^«©*»«©iS«t:ffi«r4 
v-f i'Dl/>X7l/-1' 7 2 ❖jtttHU*^"— #5-;* 7 4T- 

tt««*iiasft-t\ «**-rj4S6*^*-c*aa*© 
[oo6 9] *zx-. ^nmmmt'it. ^x^-y^h- 

y^VV—Z 7©— SB£fift$-f5^"f *ui/>X7H 
7 l©Jt««tJfe*«tt**©4;bT©lll«fJl6*3R?7 
5 £B3BLT^S. WT> 04MI5 5#Il,TM 
fctt^SfcLT©®*?***^ 5©«Sfcg£ot,>TI& 

[0070] H4tt, Ei«f3t^?7 snmwismmx- 

l"f 7 l©AW-fJJP>Xffi7 1 ai:£^bTV>£o 0 4 
(a) iZmTHoC mUft^m* 7 5 «\ tlCAW 

1- s ¥*t# m s Bf © smfa e x mm z s mm 4 * r 

^FFT-lt 114 (b) k:^-fJ:dfCXY¥®(*)T-©8Jr 
ItfliSflM i: * S 7 t - 7 -< - > F F P 

®$f#¥JR^ 7 5 fct, H4 (c) 
\Z7jk? «t a X Y¥ffil*IT? ©Br ffi* s (S{Sg^rffJtt h S 

[0 0 7 1] 05(4. @*f3te**? 7 5 *?.©«*** 
©7tE&*^0T-feS. HSfCfc^Tte, H^rft^iSS? 
7 5 A»6©«Sfc7fcS&©5*K TtWfc^CJIfif-rS^fT 

[0 0 7 2] ClCT-s H**«lT-^-r fcttfcW&VfT 
7tm(4s -jt}CD?-f^DV>X7L-f7 1, 7 2fflg-U 
>X®7 1 a~7 2 btc£ !)JH*f*nTliSWiBP« !) 8 

©{sb (!?3iEK©{£B) T-3tiafc3SE^-ra. -r&fc>*>x 

C©*«l±©ttBfctt*ttfc¥fTfc¥fT#*C*tJ<# 

m&>±m^WlfT2>¥fiftmZ, P>X®71a~72 
bfcJ:?)H«r*JxTBHWnPt2»)8©ttfi (MW«t©(tt 
B) ©7ttt«t t)±ffi!lk:*7tb, Hf =ijSia*Tfw-r*tt 
^^bTf4©Tffl'N3<i^t-S i Ffi : 7t*{*s U>Xffl7 1 
a~7 2 bCJ; 0a*f*titJiHB8HlP« 0 8©SB m 
W8t©ffiB) ©7tflS=fct)TiBiJ^*7fc^5o UlSfTt^^ 
7 5^e>^tJ^S7t©^lSa>^(4^iiCfl < ]T-tt^<a^W 
f$>5fe©> ^W^PStt) 8©ffiBt(4s 7>fJ$tlfc7t 

[0 0 7 3] 0 5T-(4, 7tWtC?&oTffi^J^n5U>X 
®7 1 a~7 2 bt«tS7t««S I iCOV>Txfc^&# > 
H^tCtt^-f i7Dl/>XTl"f 7 1 , 7 2 (iftffiC^fif 

*a»©tt«ci&oTE5!i*n«a*©u>xffl©ia* 

#bTt5D, MWg3P«?»)©<JiBCtt, «»©te^$n 
[0 0 7 4] C©iat4t**iXfcj!6«*S IC*5^T 



- 9 - 



&M2 001-33886 1 (P2 0 0 1-3 3 8 8 6 1 A) 



U-f 7 2 JMtUJ«*yt-;tf 9* 7 4 CfcltaStJKltJH 
[0 0 7 5] ST, *«MMfc:fc^THU 

E5U**i&*»eD*/Jvu>XB (7 1a, 7 1b, 7 2 

a, tfe«72b) £#-ra*£-£tt, te^^nt^as 

fi&S I©^?SWU>XI (7 1a, 7 1b, 7 2 
a, tfe(i72b) ©X Y¥®F*lT-©;*;#;* J; D 4>>h£ 

[0 0 7 6] dd-C-s H#f***?7 5©SBfgtfl#, ffi 

7©88'M/>Xffi (71a, 71b, 72a, £fc 
(*7 2b) 0XY¥Irtt-(5^§S<tH^§ <&ai§ 
^■Ctt, MI$©Sa/hU>X® (7 1a, 7 1b, 7 2 
a, £&(i7 2b) JiiM-^mtfjIfi 1 bT LS W Cffl 
**»± 2 J»*«JBJ«t:*#b«: < &Sfc»> 
tt5. fci>\ ll£^^tvfc^jS«S I ©*§£«:. E*f 

U-f 7 1,, 7 2CDMUMiM^ lslJf*^7 5-.A» 

-faftj&©£jg (naR) ^mmt^m^i 5 1^^ ? 

oU>X7W 7 1 i:nffi8ifciric:«fc t)^S5, 
[0 0 7 7] **flEJBJBT?tt, @#f 7 5 ©3*ifc 

^*2° ~3" SfifcUT*!), 3fc»fifeS I©*** 
BBf**f?7 5t»Abft^l^©*I*©*8 

££*f bT 2fgflJK£:&5«fc-5Cb-C^ao 
[0 0 7 8] 14 (a) (CMoT. 

FWifieUCV-f £ Dl/>X7U-f 7 1 ©AMfDl^Xffi 

7 1 a#&s-f a<fcdfciBg£*ia. ;;t, vf^o 

U>X7H" 7 l©Sa©XWffiyu>XM7 1 a©*ft 

Tl^afe*!), AStlM U >Xffi 7 1 aWT-sgS^ntre 
«5t ^x^NWiOSitlS^©^^-^* 5 ^^— 

[0 0 7 9] lot, ^Kfttt^lSh btffllsllf*? 
£ ifiAf tU£, aig. WT-i^WaWQRfc 

■naw-f a„ 

[0 0 80] 06« s *X7M*;U-f >x^b-*£-£ 



OltaiWffl!lA^afc¥ffl@T-afe?), 0 6 (a) fcfclfi:** 

(b) a:ifi**nfc*«*s<»«jBia*ix'r^4ttSB** 
r. 

[0 0 8 1 ] 16 (a) fc^-TA^Kift^SilJftV^JtejR 

fifes tfjBj5K$ti5«^-(±, m.m.<D^tmwLsm±tfimm.m 

g***WCbJWftje-C£fcV\, 06 (b) 

«<Otfi**nfc*»«I S©IBIH#mBi:&S&»s 0 

tact^t-fs. cticttK att^ji^fticfWaPb 

TS^S*^§©ie^t4fgS:lRl±S-a-ac h#T-i* 
[0 0 8 2] stf?-* HiUJ >Ttn>—*&mf& 

JSff^Si © ct o \z * -7=r 4 13 ;u-r > y x u - * t: <t a t» 
©itsfifera-en-eixsifi^racfccj;?), ^ur^tc 

ta. *x 

7U7*«fb, ^©^I'TtttfiSK*;^©*^ 

-ra, d©«^, ©o^ss^sw-n 

©tt*4B8Jtb&«>, Si-.I5ST-©lflFI, f&fc*> 
[0 0 8 3] ST. ±aS©*M0Bffi"r«\ Jlfi»fiWt*¥ 

fc©«5H*BrB©itfcaftjeu *iM*fg©7 7- 
(sEWi^x^-r >^xu-^fc*itaiSM*r® 

[0 0 8 4] £tz, ±Mffll^5Sff^T-(i, 04 (b) , 

(c) JC^Lfccfcolc, 3tjB«lfi**|f836 t 7r-7-f- 

P3J^tt*fettft^tti:Lfc*Ss i©77-7-f-^h- 

^©^tt^^tJdao flu MMJ5EfSffl7 7-7 
[0 0 8 5 ] $T, ±i£©H5tEJf^-r-{i. ^Xr^jl- 
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mm 2001-33 886 1 (P 2001-338861 A) 



3E.itm(D^>7 : y?%¥&$^<DAM&*d CCD 

& n h ffi^ am r z> & mco Km *> *> <z>mm * 

YtTZtZ. (1) Y = Fsin0fflftl;K^£?iSJ£ 

^t^UTtt±IB (1) 5S©ft^B8«£(5«£*t*#bTO 
[0 0 8 6] C©<fc5 £3>^>+f?fc^l&9£#tfiScLfc 
A«T-tSi:#k:«i, fiSTOSiSS^ 1 0^1iSt5XY¥ 

[0 0 8 7] fbt> *Hi^it-li« ^rr^-f^^-f 
>?Xl/-* 7 VBf&ZtlZ 2 &>fc®#^:£&ifc® 

la, 7 2 b, 7 2 a, 7 2 b^SIMCMb 
t, XXtM *M>f^U- * 7©I£ffiiKMfflliIEfc; 
3VJRMcDttiE (IE&sS:^©^) i:*^J5E^5<t^ t 

lt^So ts^-t. *nssff^T-(±, mwmmwL*) 1 0 

tii, i§-i®«A>oig-g|n^©!^#^#ilU 

[0088] *mx-i,t. mm*&miL?z>ti)sb 

±XOWb^>^M7 1 a, 7 2b, 7 2a, 7 2 

[0 0 8 9] ^rx^-f *;u-r y^-ru-* ittm 

-f £±T©«$'M'>X®7 1 a, 72b, 72a, 72 
b££;|<ffiJfcttT-m/&UT*>&o < , C©»-S\ #6t'hU> 

^£»IE L frdE&sS^ $ i> d i: # njfg h & § . 
[0 0 9 0] ifBUJSJBJIT-fis *X:r -f 7j;i/-f 

-st-VX/ — $ 7 £ UT 7-f^OV>X7l/^ 7 1 , 72 

[0 0 9 1 ] ;;t\ ?-f!>Dv>X7u-ft77-f7 
f U>Xi:(±, ^©St/hUVXffiA^&TCx' h 'Jyi' 

b>X7i/^it ^a©a'jMx>xg^^i:^ici!iie$ 



£ tut u yxm^-tr % & s ^ ^ -< r-f ^ >x t am* 

[0 0 9 2] ?-f^DI/>X71/-fm 77 

-fTM U->Xi:lt«<UT, -£©$8'hU>Xffi©*t££ 

X®©*t££fl&'h£-r3Ci:CJ;-r>T, tfX^^u 
•Y V^Xl/-* 7©$®7}#J®lil##S£*t <&3fc 
to. (^i^WI) T-©^jg^-tS5:|pl±$-y- 

s-h^Ritgi:^!), z <b)cmwgift*&3g. taut mm 

[0 0 9 3] ±I2*SSff^T-f±, v-f i'n 1/ >X 
71/Y71, 7 2ST>-^©^ffi^:#KhbT©[sl^f7t^ 
ISI^ 7 5©affiA^ft^SlS{C<t frZ>(D*®'M 

»€:ofctUT^ -M©v-f^nu>X7i/-f7 
1, 7 2 ^EltfTfc^Mfl? 7 5 5:^-r5Ci:^<, -*t 
ffl*yN'-*-7^ 7 3 , 7 4£tt££&-r*V{£ <fcV^ & 
*>\ -MCAA-^5^7 3, 7 4 0P|(D»>fClt 

^ n-vs^ietots^ f^^t, mm^vvA 

[0 0 9 4] Z.<D£otftl^—X77. 73,74 

ili©««JT-(±, A«ffl*n-^7X7 3t?'f^ni/>x 
7 1 h©P.§tCli]#T7fc3Mft^7 5<£IB@Ufc^. A 
Mm*};*— il=77, 7 3©^tb#J (T^fi'oi/yXTH 

t, XMUtsn-H^X 7 3©MtbBC*®^ffiA^ 

[0 0 9 5] $fc, SEBSStffi (^jh^WM) T"©^JKt> 

* 7fc8S<IJ©ftfiST- afe o X&MMW t «S«!a«:ffiM t M 

®^^*ssfi-rsfces{>©7t^sp« (aji^^nfiffi 

*iit«i^CI4« AStfliA^t-Jtf^X 7 3 

-<»Di/>X7i/-f 7 1 tcDmcDjts&fizmmrzzt 
{&m-?z>z£tfi-mmx-&2>o %t>\ c©si$^ii 

gp«t±. *3S^ffiA^ShbT©ll#f7fe^?7 5 i:^- 
OOU>X7H71 (2«7Cttt:E5>J*n5e:a»© 
U>XI) fc©S©3fcE§f CiBSrsCfcAWS bV^„ 

[0 0 9 6] C©<ta*^®^7>^ligH|5W<i, fi?iJx« 
^HBg64-42821^&#B, ^g§¥7-130600^:&$S, 
9-223661*&«, 1%i§¥lO-3l932l#&IS, 49BB2000-21 
750^^18, WM2000-39505^fi« N WO 9 9/3 6 8 
3 2-§-&S%iTCgS^$nT^So 

[0 0 9 7] ±i*0«lBJ^aiC*V>T, tT^?^ 

TJ^-f >fyi/-^ 7©AStffi3eS©fui:* s ^©A8tffl 
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^ -f X3t h * S Stub* s . 

[0 0 9 8] 77-f7-i'i/>XO<t3ic2ij:7ctt 
D U >XT W ©§!!jg±©fPi§rfc: <fc ?3 ^ISffl l> >Xd5# 

[0 0 9 9] CCD<t3'fcJl-&t«i> tffctiffliJAM-tf^X 

t:±i3 0 &iti&frRvmtiJt*j&?fr £fc»©i&#gi5» 

[0 10 0] 0 7(t ajffiflJ^-tf^Ci&ftSWS: 
»ffllt^^T> M7 (a) (±YZB?rffiEk 0 7 (b) 

77-f 7-f U>X£jgfflU-tV>£ = 
[0 1 0 1 ] H7 (a) tC^-fst-XT^ >f^b 

0, fcLT©@*f#5M*? 7 5, XY¥ 

^X^^SW-rs^^-fr-f l/>X7 1 0, &Vttd3#J 
7 4 Ofc*ffl*.TV>S. cne.©*^a5M 

[0102] Ittiiffil*^— #7* 7 4 0 JCtt, 

7 4 i*sffi:fte>n-rv>s. coa^^- 

>7 4 H±««Jx.«^DA^*|ttiJffl*^--^v^ 7 4 0 
[0 1 0 3] M7 (b) Ci^nol:, 77^7^fl/> 

x**fi8-raa*oi/>xjR^ (H7 (b) t?tt3ttti« 

U>X®7 1 0 b©<fr£ffitjig-t-|I]^;) <Dm*W.o £ 3 t 
*Jt-»^-> 7 4 1 #X Y¥ffirtTMtt«*»S*Vt^ 
5= iOlJty^-l'tt, 0ff^^^5 1~5 

[0104] El 8 kl^-r J; 5 C EUf**JH? 5 

l~53A»e,O0 XjtmfrifiZ- A #3** 6 ©&#J<&;& 

»A*»*r±©»iii'Noa«*i»±rs&»c» ami 

*/<-^77 7 3 0O**iEc«©ffi«ta*-'^-> 7 

3 1 zmvxb&^o 

[0105] HI (a) tCMoT, X-A3>f 

>-tf^^9©filfiEtoOTtKWrs. X-A3>t*> 
t*?S9tt, *lfl73[S] (H«f Z^IrI) JC»oTffi3&© 



;K >f T'l/-!!' 7 «t 5 2 (SCJ&R 
!)8©&g, a£^fc*SSlj8tt©{£B) fcSEKWC— BtLT 
^5. Sfcx X— A3>^>t»"3t^^9©^fi!l^(aS 

fctt, mw&sMiQ 1 o*ii«^»$n-cv>5. cc 

tr, X-A3>f>1f*?I9lt *©*UjMg«qiaEBS 
CtJl^Ts X-A3>x>-f-^^9©HfHMiJS^ffi!lM 

u&mj; 3 cfltj&^n-c^ a, x— a^> 

T^ltft^fflJgfS© U >XP©^tt73(R]'N©^i&{±, 

35 6!Igi!jg|5}c<}; OfftofiS. 
[0 10 6] C©efco£X-An>7=>-t>-:ft;:pm9©£R 

[0 10 7] CCT% JRiJittfflg >> 1 Ofcfc, #J;L«4#t 
©jfofe33fl£;£U cn&©3*>©2:3©j£itea3tgtt, 
l24 I X#ftfc»o;feM:ftS©;tt£#U S5ffl2o©il 

^ne>4*S:©j£^3g*g(i^7igi!;g|5 1 0 4{C^-pT 

**ttcoB8PSSO«*©^:gar*ffa<Dffl[t:K!S-j-«i 
htfRTaSTifeS. 4^©3t*33ifl©ftt>!3 fc, L 

*ttoaasEL&as3te3a4*uxY¥BrtTfSfft^rie«:2 
Sfl© ifoteSB *f 4 * f -5 fli^r- afe o t * A t> . 
[0 10 8] zixCi f). ffiffl-r«l^?-*;KO«rttC:jiB 

fcUbcsis-racfcflSRiirrfe-So x— A3> 
nw±-e©^W3t©^pia* J ^bbTUt^* s , zmt 

[0 10 9]**, zne><Dm6R.iFm7mM%&&fflw 

gpi 4 tdct tJfflffli^tvSo ffiJffligPl 4©a&-ftt:o 
{± b ^ ^ ;u R oJ8ilg&4 1 C EH£ ^ ^ — 

[oiio] ?ut> «*«jte-r^s*«©i/?-*;i/t 

[0111] OTSC 1 4Ji, g-li©b^^;u-^^x^tc 

nux, mwmm (s^««) ©ritS©^^^, as* 

©jfffl4F*3S6©^^ 'J— P»3CgB1SLT*3?). Xfj^-mtc 

6©x*itjf&*uT»i~JB7eii)»ta«i3a:«»«* 

[0 112] ^JxJS, ftrB0*S30HilH1H4L »J@* 
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mmmmmr zm-&. % 1 mmm 3 4 ttmrnu 1 4 
^©fi^tca^T^SBs 3 zmwitmftiziiLmvitf) 
U fg 3 igl&aHif&migp l 4^e.cDfi^tc*-^^Tii^ 

IS^U, ^7Sgffijg|5 1 0 4fiMSSgi5 1 4*>£,©fg^{cS 

-5^Tmw&m$tQ i o©igpgts©*£;* 

l^^;i/R±{C:fcOTmM©ME!l3glPR£ 
Sf§4|g8bg|56 4 (iM^ieB 1 4*>e>6Dfi^C 

2 #Ofci!fi©fl.g £ ft§*i£ £ t IIP tL &ttffiT?*£ t 
SfctoC, fg 5 SgffijgB 8 4tifBI8PflSl 4*»?>©Jg^tCS 

[0 1 13] fcfc, *5W6Jfctt£:fc^Ttt, 

[0 1 14] *fc, *4IB«6 4CJ:5X-A**» 
ecDffljMEBcDKXIbftfct IB 6 IBibgg 9 4 tc=tSX- 

[0 115] St. BrS©*§<*©JHHIJ«»* SaifcM 

*MBU*frd»^ Ml lStt3V3 4 {ifgJSPSfi 1 4A>?>© 
fl^tl^^Tfif Wffl7-f j'Ol->X71/-f 3 1 
*MW3te»rtJCffiB«l»L, M 3 ^l&a5(±$iJ®gC 1 4 A> 

H©***ft*f*J!HW*«*»*fc»fcx Sg6|BI!jg|S 
9 4li&JSJ]g|5 1 4 A>?>©liifCfi^TX-A3>:r> 
?*4fc*9efflUMElK*tt£U IB 7 ISi&gC 1 0 4 ttftl 
fflgBl 4*5>©fi^tS^^T^^»)K») i ooggp 

V>TBfHfflBSWBBPR*»S&»t. M 4 HKSB 6 4 tt 
WSlffil 4*&©ffi*fc*:3vvtX-A#**6©j&Ml 
SgSiS:t§^t-5. * X?-f #;L-f V^Xb-* 

7 #^£T£ft#Jfc#© 2 &#ig©fl?S£: A 

»t«iit&ttji-ea«r*fc»k:, M 5 mm® 8 4 am 

JWSfll 4fre»©fi*fcaS-3l,vcai»ttD 8fflHJPg£ia 
[0 116] ft*. *«M»JiC*V^tt, «i^MB^^ 



8ti, $B?i?tt©2&:)fc®©fl<||©7U7:>fc£jt:ft-f £© 
[0 117] ±M©te^fMB^Rf©BBB / g||pRh 

^c<fct)S»e>ti5*>©-e»So mn©*t 

SB 3 4 Jif&Wgfl 1 4A»£©*§ < Tr£fi-3WT4fil3iBf?l8fll 
I, JB3Blb««4ftiJ»ffll4fr6©li^ta6t3^T4fi 

•fbts u^?;i/R±{c:|b^TfftM©*£££*^£KB 

W«^4#5fc»tC> ^6ffiffijgB9 4 HUM® 1 4A>£> 

©fi^tat3^-cx-An vt^u-^js 9 (DM&mm 

Zm%. U. S7Btt»l 0 4W»Sfl 4*>?>©ft^C 
*-3V^TBHW*»JRi) 1 0fflg{§Pgt5©;*:t£ 

^ffsfetotc, m4mm&6 ut&m&i 4*>$>©j§^r 

C*^V%TX-A^m6©^ffiBi*ia^t-S. 

4Sffi^tt©2#Ofc®©MIHffl7U7ft£j£#;-r5 
fc«>£fii5Bi!jgB8 4{if|iOTg&l 4*><=>ffl^tCg^ 

tsomsec 8©npgs:is^-rs. 

[0 118] &*>\ ±a©4fififlHWRpOJIHWI8P»i; 
ii> 4fifiB&tt©2 8»te«(D3%» «ft& 
(fig A>6 It til £ *l -2. >fc8§! C <fc 0 £ ft 5 * © T* fe 5 o 

tt©'5:RB^Sigt'3'N*<fe«)©r3>v ; >-9-^^ (X 

tPfiRLfc^ C©n >^>1t*^^(±^^gtAs^M 

[0 119] ±i£©J;-5£, U^^^R'MOIW 

^iss^gt-ti, *jtaE*iRicf&-3fcBjte*«- 

[0 12 0] **8KBfflO»^-v a-rf-fAM 
^©^Kj^, fCfOf Hz>h U ^^tt©^t&tt+^- 

iC/J^^^^^)©i;^CoTV^^)o 

[0 12 1] fefcUs ^©^S/S* s fF^T-S^^Ji€rt 

[0 12 2] C©HsjS»tfi (*fctt«3fc*«-ff) IffllEf 
Z^mt LTtt. «x« : 
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(1) X-A3>r>«?I9i£Mt5'M<J:* 
-»©U>X«*» Attain], *Wlfi&#fa. £TF#« 
H^^(6]^$fii:-r?>[H]fe^lRl©a*. / J^&:< £<b-J5fa\£ 

(2) *7r-f *M >fyi/-^ 7 tX-A3>r> 
? tl 5 tfifci h ^¥ff i: % 5 )t8S) ASt£«£ 
I^C|l48ft*»ttJ:48i 3 «:*»©««»*«» U 

(3) tfX^-r #;i/-f >^XU-*<fc t) <fc#S#.'Jffl#BS 

*tL6a»fi©aa*^«»»»**»-r*#a ; x 

fclinffl##;t4;£ft£:fc^Ti^©#^£fSo«fc-5 t 
-««3teM©**«**«fc*v^Ttt±IB 

(l) ~ o) ©fafflntni', sfe«i±ia (i) ~ 

(3) «D*a*tt«lcli**i3*actCJ:&» ttffM* 
ffi±T-ffl^S^4eit©^^h-r5Ci:* i -r*#5 0 £ 
fe> MIi«it-ti, ±12 (1) ~ (4) ffl^S© 

v^rn*, ^fe{*±se (i) - (4) ©^a^ffiSicm 
^btscttio, »MStffi±-r-©*^**isic*j 

[0123] ft*. ±12 (1) ©f^£tt» 
10-275771^&fg&trCH^2ttT^5#i££fflV>3C 
t#Tf84. £fc, ±12 (2) ©fa(i« 
9-190969#&«fcH^*ftT^S*S*flI^SCi;#Tf 
tS. f ±12 (3) ©*iSH\ ±j®©^§gBS64-4 

282i-^&fg, mmw-i-imoo^&m. wre¥9-22366i^ 
ftmmo-mm^&m. #H2ooo-2i75o^& 

*s ^H2000-39505%&^, WO 9 9/3 6 8 3 2 tfi 

tttlttA^. ±12 (4) ffl^fctefc, 0S*.tt*SM¥7-1423 
13^:&ffi, #§§¥10-340854^2:18, ^192000-58442^ 
&$B, 4fP§2000-82655^2:$8, ^192000-114164^^18 

[0 12 4] ft*. ^SA7©ffliE^ffi{Cot%-Ctts U 
3-P)l>R^<DmW0ki l t ( 1 >.x^W'N©«#*fl i ) ffl^H 

fc^a«}te««F , j©jiB*«'*©a»* ; p»*»'r*s<^ 

[0 12 5] £&, ?l,-te> b 'J y i7lt©£!&©fflIE^ 



^9©-gfS©U>Xi¥£jlItt£#ffi&i:#^»:f £*t3. 
[0 12 6] £T, ±i6©iafi»«fc*jv>ttt» *Ifl 

< mmzvt. fiM, n»tt© 2 

T5fc»fclI]Wtt#fii?5 1-5 3£flH%fc#, 0#t^ 
©ftto ») c, SJf^lcts 77-7-f-;^-!: 
*M«&tt> f-M&JBtt, *fcttPJH5tt©J!HW*J«*«fi8 

J&^i: L/T«:, 0«;LfcSWO 9 9/4 9 5 0 5 -5f &$BtCi§ 

[0 12 7] i:C5T-> 

3*I?I4, X-A;>fe#IS6, X-A3>f>Wi9, 
aVMW«»»»)|gtft**»l l*©U>XISi?) ^JS 

-1-^nL/>X7L"f 3 1, 3 2, 7 1, 7 2, 0*f*^ 
m?5 1-5 3, 7 5, M*^-3tf77; 7 3, 7 4© 
SiffitJi, MW^©««tHb-rRitl»±A s ^^tvfcS 

3 1, 32, 7 1, 72, XI* @*r Jfc^JR^ 5 1-5 
3, 7 5CS»l»±«*«JBja*n"r^«*:»» CCT-© 

C©filtl»±fltfc.fcSite«»*©<ftWfclU KM 

[0 12 8] Sltl»±JK^:«fig-r2>«-J(4i:bT 
(i, A1F 3 (7^<b7;K-'7A) ; B a F 2 (7v<b 
MU^A) ; CaF 2 ;CeF 
3 (7>7<fb-feU0A) ;CsF (7>yft-bi"7A) ;E 
r F 3 (7 <yffcx;i/l5£Z0 ; Gd F 3 {7vibU K 5. 0 
A) ; Hf F 2 (7yi*b^7-0A) LaF 3 (7Wb7 
>■?» ;LiF (7yftUf')A) ;MgF 2 (77 
Yb^X*i"7A) ; N a F (7^ftthU'7A) ;Na 
jAIF, (>>J*7^h) ; Na 5 Al 3 F 14 (f*7-f 

M ; NdF 3 (7-7-fb^^^A) ;PbF 2 (7>7-fb 
8S) ; S c F 3 (7>7fb^7J>^^A) ;SrF 2 (7-? 
{b^ha>f7A) ; TbFj {7vto7)W>k) ; 
ThF„ (7 2/-fb h U -7 A) ;YF 3 (7 yft'T 7 b 'J "7 
A) ; YbF 3 (^Wb-f vf^Hi^A) ; SmF, (7 
y-fb-tf-^U *A) DyF 3 (7i'fbWXDy'7A) P 
rF 3 (7yfbX7-b^yA) ; EuF 3 (7 7fbJ--n 
bT^A) ; H0F3 (7yfb*;i'5'7A) ;7yfbt:^ 
?7 (BiFj) ;07y{bx?U>S}l (#'Jfh7 
7;U;tD:ii?-L->, PTFE) , H7 WbJMS^UV 
OTi (*^DOhU7WDifl->, PCTF 

E ) , rvibtz-frmm (^u 7-7fbt:-^, pv 

F) , EH7 Wb^U>-A7u/{bXntri/>±tfii§rtfc 

(7 yftxf i/>xo zu>mm, eep) , 7'Wbe 

= 'Jt*>«IB (*U7yfl3e=U7*>, PVDF) , S 
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t/*iJ7^^-^ (POM) frbttzmfrbMViZtltc 

>j>*< tt>i-3<Dttnti><b*z7vmmm ; ai 2 o 

3 MMbr;i/5=*A) ,;Si0 2 (I!fby'j3» ;G 
eO E ;Zr0 2 (gft-^-O 

A) ; T i0 2 (mb?*» ;TaA 
)l) ;Nb 2 0 5 ;Hf0 2 
£A) jCeO, (Bft-bU-JA) ;MgO (gft?^ 
*S"}A) iNd,Oj (»ft**J?A) ;Gd 2 0 3 (f 
tttfF'J-^A) ;Th0 2 (ffbh^A) ; Y 2 0 3 
(MM v Y VOA) ;Sc 2 0 3 
A) ; La,O s «Mb7>*» ;Pr 6 O u 
^-trtf^A) ZnO (BftjiEtt) ;PbO (gtfbSB) ; 
SHbi' U3>«DP*»^,S«tlfc2oW±ffl*ti|6|-*»?>'5:a 

5. 

[0 12 9] ffiot, *KM0gM-V(*. ±MfflP*e.il 

>X71/-f 3 1, 3 2, 7 1, 7 2, SVHJfit^^ 
5 1 -5 3 , 7 5fcJBjBfc*-S*»i:LTB:s 

^*>:^>* b- ^sOXU-^-oy 
i£, — T AS, ^^'^UV^ -f 
3T>tT-A^^y^ CVD ({b^*£») a. 

\Z;i/y;uffi&if£i§fli-rac:£* s T- 

[0 13 0] fS#tV-f *Q U>X7 U-f 3 

1 , 3 2, 7 1, 7 2, RvrnVrDttt? 51-53, 

^cj:t)as«±t:tta»ou>xffi (?-f^Du>x7 

^fiK^tv-So C©S* • Slffc • ^y^^VOZT- 

SfrfcltORfft, MiSt©U>Xffi (?-f^nv>X7U 

a, 

[0 13 1] C fit J: 5, ?^?DU>X7H- 3 1, 



3 2, 7 1 , 7 2, RVmVr 51-53, 75 

(^x;vWI±) T-<DmJ8.*M®Z>Zt&Rjm£tj:Z> a 
[0 13 2] v^^Dl/VX?!/^ 3 1, 3 2, 

7 1, 7 2 , JkUmftib^m* 5 1 - 5 3 , 7 5*Jfc/S 

-ra&to©Sffi©*mi: ut{*, sutf^^its, 7 

1f©jfig (1 5 7nm) SffloaKtCJi, 
[0 1 3 3 ] JiL±©§£$T-(i, t7r^M>f^l' 

A s T-^5o Cl©i|£-, HI (a) ©^t-^-f 
^U — ^7fC*5(t5^-f ^□U>X7'H' 7 1, 72£ 
X-A3>r>tAfl9i:fflft}5tll:, EJfJte^T 
7 5©77-7^-^HI^rtISWi3r7r-fA;b 
-f >f^l/- *©ftAt*ffi±£ff*j&Ta &»©*##!?: 

[0 13 4] fcfc, ±&©^Sffii?iCisoTfcfc, ^ffiM 

[0 13 5] ±JfiO*SIBBJBC*Jl^Ttt, *S 1 

* J tt*&ra?feft4 2 4 8 nmifctt 1 9 3nmtLfc 
#, ^jIS 1 t bTM 1 5 7 nm®S5»*?ft 

[0 13 6] C©<fc?£, *^B^(i, ±jfiUfc*86j&ffi 
(CK^^n-T, *%B^ffl$5Hf*)T-|l^©^A 5 RllgT-fe 
5o 

[0 13 7] 
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(54) ILLUMINATION OPTICAL DEVICE AS WELL AS APPARATUS AND METHOD 
FOR EXPOSURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce damage to an optical member in an illumination 
optical device. 

SOLUTION: The illumination optical device comprises a light-source-image 
magnification means 75 which is arranged in a position conjugate with a face W to be 
irradiated, or in a part near the position as a position in an optical path between a light 
source 1 used to supply illumination light and an optical integrator 7 used to form a 
secondary light source composed of many light source images, and which magnifies the 
light source images. 



CLAIMS 



[Claim(s)] 

[Claim l] The optical integrator for forming the secondary light source which consists of 
many light source images based on the flux of light from the light source means and this 
light source means for supplying the illumination light, In illumination -light study 
equipment equipped with the capacitor optical system for leading optically the flux of 
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light from said optical integrator to a field [ **** ] with an irradiated plane or this 
irradiated plane Illumination-light study equipment characterized by being a location 
in the optical path between said optical integrators and said light sources, being 
arranged near said irradiated plane, a location [ **** ], or this location, and having the 
light source augmentation means to which said light source image is made to expand. 
[Claim 2] The angle of divergence of the flux of light which passed through said light 
source augmentation means is illumination-light study equipment according to claim 1 
characterized by determining that loss of said illumination light does not arise in said 
optical integrator. 

[Claim 3] It is illumination-light study equipment according to claim 2 which said 
optical integrator is arranged in the shape of two-dimensional, it has two or more lens 
sides in which each forms said light source image, and said light source augmentation 
means expands said light source image formed through said lens side, and is 
characterized by setting said angle of divergence of said light source augmentation 
means that said said light source image expanded becomes smaller than said lens side. 
[Claim 4] Said optical integrator is illumination-light study equipment according to 
claim 1 or 2 characterized by being arranged in the shape of two-dimensional, and 
having two or more lens sides in which each forms said light source image. 
[Claim 5] The illumination distribution in the near -field of said light source 
augmentation means is illumination-light study equipment of claim 1-4 characterized 
by the substantially uniform thing given in any 1 term. 

[Claim 6] The pattern formed in the far field of said light source augmentation means is 
illumination -light study equipment of claim 1-5 characterized by being one given in any 
1 term. 

[Claim 7] Said far field pattern of said light source augmentation means is 
illumination-light study equipment according to claim 6 characterized by having the 
shape of a circle configuration, elliptical, or a polygon. 

[Claim 8] Illumination-light study equipment of claim 1*7 characterized by forming the 
secondary light source which has the optical intensity distribution by which the optical 
reinforcement in the pupil core field which is a field on said pupil and includes an 
optical axis was set to said pupil of said illumination-light study equipment smaller 
than the field around this pupil core field given in any 1 term. 

[Claim 9] Illumination light study equipment of claim 1*8 characterized by being 
arranged between said light sources and said optical integrators, and having further a 
diffracted-light study component for controlling the configuration of the secondary light 
source formed in the pupil of said illumination-light study equipment given in any 1 
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term. 

[Claim 10] Illumination-light study equipment according to claim 8 characterized by 
being arranged between said diffracted- light study components and said optical 
integrators for controlling the configuration of said secondary light source, and having a 
zero order light protection-from light means for shading the zero-order light from said 
diffracted -light study component for controlling the configuration of said secondary 
light source. 

[Claim 11] It is illumination light study equipment according to claim 10 which said 
optical integrator is equipped with the incidence side cover glass arranged at the 
incidence side of two or more lens sides arranged two-dimensional and two or more of 
these lens sides, and is characterized by forming said zero-order light 
pro tection-from -light means in said incidence side cover glass. 

[Claim 12] Said light source augmentation means is illumination -light study equipment 
of claim 1-11 characterized by having a diffracted-light study component or a diffusion 
plate given in any 1 term. 

[Claim 13] IUuminationlight study equipment of claim 9-12 characterized by giving the 
antireflection film to the wavelength of said illumination light on said diffracted-light 
study component or the front face of said diffusion plate given in any 1 term. 
[Claim 14] Said optical integrator is illumination-light study equipment of claim 1-13 
which is equipped with the injection side cover glass arranged at the injection side of 
two or more lens sides arranged two-dimensional and two or more of these lens sides, 
and is characterized by to prepare the protectionfronvlight member for shading the 
light which passes through the field where said two or more lens sides differ at this 
injection side cover glass, and goes to said irradiated plane side given in any 1 term. 
[Claim 15] Illumination hght study equipment of claim 1-14 which is arranged in the 
optical path between said light source means and said irradiated planes, is equipped 
with the micro-lens array which consists of a substrate with which two or more lens 
sides were formed in the front face, and is characterized by giving the antireflection film 
to said illumination light in said lens side of this micro-lens array given in any 1 term. 
[Claim 16] Illumination-light study equipment of claim 115 characterized by being 
arranged between said light source means and said optical integrators, and having an 
illumination distribution amendment means for controlling independently each 
intensity distribution of the Fourier transform image of two or more of said light source 
images given in any 1 term. 

[Claim 17] It is illumination-light study equipment according to claim 16 which said 
optical integrator is equipped with the incidence side cover glass arranged at the 



-3- 



incidence side of two or more lens sides arranged two-dimensional and two or more of 
these lens sides, and the injection side cover glass arranged at the injection side of two 
or more of said lens sides, and is characterized by arranging said illuminance 
distribution amendment means in the optical path between said incidence side cover 
glass and said injection side cover glass. 

[Claim 18] Said illumination-light study equipment is illumination-light study 
equipment of claim 1-17 characterized by forming the lighting field of a configuration 
where predetermined lay length differs from the lay length which intersects 
perpendicularly in this predetermined direction on said irradiated plane given in any 1 
term. 

[Claim 19] The optical integrator for forming the secondary light source based on the 
flux of light from the light source means and this light source means for supplying the 
illumination light, In illumination light study equipment equipped with the capacitor 
optical system for leading optically the flux of light from said optical integrator to a field 
[ **** ] with an irradiated plane or this irradiated plane Illumination light study 
equipment which has the diffracted light study component arranged in the optical path 
between said light source means and said irradiated planes, and is characterized by 
giving the antireflection film to said illumination light in the front face of this 
diffracted-light study component. 

[Claim 20] The optical integrator for forming the secondary light source based on the 
flux of light from the light source means and this light source means for supplying the 
illumination light, In illumination-light study equipment equipped with the capacitor 
optical system for leading optically the flux of light from said optical integrator to a field 
[ **** ] with an irradiated plane or this irradiated plane Illumination-light study 
equipment which is arranged in the optical path between said light source means and 
said irradiated planes, is equipped with the micro-lens array which consists of a 
substrate with which two or more lens sides were formed in the front face, and is 
characterized by giving the antireflection film to said illumination light in said lens side 
of this micro-lens array 

[Claim 21] Said antireflection film A1F3 ; BaF2 (Aluminum fluoride) ; CaF2 (Barium 
fluoride) ; CeF3 (Calcium fluoride) ; CsF (Cerous fluoride) ; ErF3 (Cesium fluoride) ; 
GdF3 ((Erbium) Fluoride) ; HfF2 (Fluoride GADOMIUMU) LaF3 ((Hafnium) Fluoride) ; 
LiF (Fluoride lanthanum) ; MgF2 (Lithium fluoride) ; NaF (Magnesium 
fluoride) ;Na3AlF6 (Sodium fluoride) ;Na5aluminum3Fl4 (Cryo light) ; NdF3 (Thio 
light) ((Neodymium) Fluoride) ;P. bF2 ; ScF3 ((Lead) Fluoride) ; SrF2 ((Scandium) 
Fluoride) ; TbF3 (Strontium fluoride) J ThF4 ((Terbium) Fluoride) ; YF3 ((Thorium) 
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Fluoride) ; YbF3 ((Yttrium) Fluoride) ; SmF3 ((Ytterbium) Fluoride) ((Samarium) 
fluoride) DyF - 3(dysprosium fluoride) PrF3(praseodymium fluoride);EuF3(europium 
fluoride);HoF3(holmium fluoride); fluoride [ bismuth ] (BiF2); - tetrafluoroethylene 
resin (polytetrafluoroethylene, PTFE) - 3 fluoride -salt-ized methylene resin 
(polychlorotrifluoroethylene resin, PCTFE), Polyvinyl fluoride (the Pori vinyl fluoride, 
PVF), a tetrafluoroethylene-6 fluoride propylene copolymer (ethylene propylene fluoride 
resin, FEP), Polyvinylidene fluoride resin (polyvinyhdene fluoride, PVDF), And 
polyacetal Fluororesin;aluminum203(aluminum oxide);Si02(sihcon 

oxide);Ge02(germanium dioxide) ;Zr02(zirconium dioxide) ;Ti02(titanium oxide);Ta 205 
which consists of at least one ingredient chosen from the group which consists of 
(POM) ; Nb 205 (Tantalum oxide) ; Hf02 (Niobium oxide) ; Ce02 (Oxidation hafnium) ; 
MgO (Cerium oxide) ; Nd 203 (Magnesium oxide) ; Gd 203 (Neodymium oxide) ; Th02 
(Oxidation gadolinium) ; (Thorium dioxide) Y203(oxidization yttrium);Sc203(scandium 
oxide);La 203 (lanthanum oxide) ;P r60ll(oxidization praseodymium) ZnO (zinc 
oxide) ;P bO (lead oxide); [ The mixture group which consists of two or more ingredients 
chosen from the group of silicon oxide ] And the mixture group and conjugated 
compound group which consist of two or more ingredients chosen from the group of 
conjugated compound group; and an oxidation hafnium; one or more kinds of 
components chosen from mixture group and conjugated compound group; which consists 
of two or more ingredients chosen from the group of an aluminum oxide 
Illumination-light study equipment according to claim 13, 15, 19, or 20 characterized by 
having. 

[Claim 22] Said light source means is illumination-light study equipment of claim 1-21 
characterized by supplying the illumination light with a wavelength of 200nm or less 
given in any 1 term. 

[Claim 23] Said diffracted-light study component or said micro-lens array is 
illumination-light study equipment according to claim 22 characterized by having the 
quartz glass with which the fluorine was doped. 

[Claim 24] The optical integrator for forming the secondary light source based on the 
flux of light from the light source means and this light source means for supplying the 
illumination light, In illumination -light study equipment equipped with the capacitor 
optical system for leading optically the flux of light from said optical integrator to a field 
[ **** ] with an irradiated plane or this irradiated plane The micro-lens array which 
said optical integrator becomes from the substrate with which two or more lens sides 
were formed in the front face, It has injection side cover glass arranged at the injection 
side of this micro -lens array. To this injection side cover glass Illumination-light study 
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equipment characterized by preparing the protection-from-light member for shading the 
light which passes through a different field from said two or more lens sides of said 
micro-lens array, and goes to said irradiated plane side. 

[Claim 25] Said optical integrator is illumination -light study equipment according to 
claim 24 characterized by having incidence side cover glass arranged at the incidence 
side of said micro-lens array. 

[Claim 26] The projection aligner characterized by illuminating the mask with which 
the pattern was formed by the illumination light of a predetermined wavelength region, 
and having illumination-light study equipment of claim 125 given in any 1 term in the 
projection aligner which carries out image formation of the image of said pattern on a 
substrate through projection optics in order to supply said illumination light to said 
mask. 

[Claim 27] The lighting field on said mask is a projection aligner according to claim 26 
characterized by performing projection exposure, having the configuration from which 
predetermined lay length and the lay length which intersects perpendicularly in this 
predetermined direction differ, and changing the relative physical relationship of said 
mask and said lighting field. 

[Claim 28] The projection exposure approach characterized by illuminating the mask 
with which the pattern was formed by the illumination light of a predetermined 
wavelength region, and supplying said illumination light to said mask using the 
illumination -light study equipment of claim 1-25 given in any 1 term in the projection 
exposure approach of carrying out image formation of the image of said pattern on a 
substrate through projection optics. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable illumination-light study 
equipment for the projection aligner used in case display devices, such as a 
semiconductor integrated circuit (semiconductor device), a liquid crystal display 
component, and a plasma display panel, the thin film magnetic head, other micro 
devices, or a photo mask is manufactured using a lithography technique. Moreover, this 
invention relates to an aligner and an approach equipped with the illumination-light 
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study equipment concerned. 
[0002] 

[Description of the Prior Art] For example, in case a semiconductor device or a liquid 
crystal display component is manufactured at a photolithography process, the 
projection aligner which imprints the pattern for an imprint formed in the mask to a 
photosensitive substrate like a wafer through projection optics is used. 
[0003] In this kind of typical projection aligner, the flux of light injected from the light 
source carries out incidence to optical integrators, such as for example, a fly eye lens 
and an optical tunnel, and forms in the pupil of illumination-light study equipment the 
secondary light source which consists of many light source images (a real image or 
virtual image). The flux of light from the secondary light source illuminates in 
( superposition the mask with which the predetermined pattern was formed through the 

optical system which follows an optical integrator. Image formation of the light which 
passed the pattern of a mask is carried out on a wafer through projection optics. In this 
way, on a wafer; projection exposure (imprint) of the mask pattern is carried out. 
[0004] 

[Problem(s) to be Solved by the Invention] In recent years, in this kind of aligner, in 
order to aim at improvement in resolution, short wavelength-ization of the wavelength 
of exposure light is performed, and a laser light source is used as that light source. 
When using such a laser light source, in the location where the condensing point of laser 
is formed into illumination-light study equipment, the energy density of the 
illumination light increases and there is a possibility of giving a damage to the optical 
member arranged in the location or its near. 

[0005] Moreover, in this kind of aligner, improvement in a throughput is demanded, 
therefore improvement in lighting effectiveness is desired. Moreover, in this kind of 
aligner, when wavefront- splitting mold integrators, such as a fly eye lens, were used as 
an optical integrator, the light which goes to an irradiated plane from between the 
lenses of the plurality in a fly eye lens turned into the stray light in the optical system 
between a fly eye lens and an irradiated plane (a mask, substrate), and there was a 
possibility of causing degradation of the image formation engine performance as a 
result. 
[0006] 

[Means for Solving the Problem] Then, the 1st purpose of this invention is reducing the 
damage to the optical member in illumination-light study equipment. 
[0007] Moreover, the 2nd purpose of this invention is in improvement in lighting 
effectiveness. Moreover, the 3rd purpose of this invention is in improvement in the 
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image formation engine performance. In order to attain the 1st purpose of the above, 
invention concerning claim 1 The optical integrator for forming the secondary light 
source which consists of many light source images based on the flux of light from the 
light source means and this light source means for supplying the illumination light, It is 
illumination -light study equipment equipped with the capacitor optical system for 
leading optically the flux of light from said optical integrator to a field [ **** ] with an 
irradiated plane or this irradiated plane. It is a location in the optical path between said 
optical integrators and said light sources, is arranged near said irradiated plane, a 
location [ **** ], or this location, and has the light source augmentation means to which 
said light source image is made to expand. 

[0008] It is determined that loss of said illumination light does not produce the angle of 
divergence of the flux of light to which invention concerning claim 2 passed through said 
light source augmentation means in invention according to claim 1 in said optical 
integrator. 

[0009] Invention concerning claim 3 has two or more lens sides in which said optical 
integrator is arranged in the shape of two-dimensional, and each forms said light source 
image in invention according to claim 2, said light source augmentation means expands 
said light source image formed through said lens side, and said angle of divergence of 
said light source augmentation means is set that said said light source image expanded 
becomes smaller than said lens side. 

[0010] In invention according to claim 1 or 2, said optical integrator is arranged in the 
shape of two-dimensional, and invention concerning claim 4 has two or more lens sides 
in which each forms said light source image. 

[0011] Invention concerning claim 5 makes homogeneity substantially illumination 
distribution in the near-field of said light source augmentation means in invention of 
claim 1-4 given in any 1 term. 

[0012] Invention concerning claim 6 sets to one the pattern formed in the far field of 
said light source augmentation means in invention of claim 1-5 given in any 1 term. 
[0013] Invention concerning claim 7 makes said far field pattern of said fight source 
augmentation means the shape of a circle configuration, elliptical, or a polygon in 
invention according to claim 6. 

[0014] Invention concerning claim 8 forms the secondary light source which has the 
optical intensity distribution to which the optical reinforcement in the pupil core field 
which is a field on said pupil and includes an optical axis in said pupil of said 
illumination -fight study equipment was set smaller than the field around this pupil core 
field in invention of claim 1-7 given in any 1 term. 
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[0015] In invention of claim 1*8 given in any 1 term, invention concerning claim 9 is 
arranged between said light sources and said optical integrators, and has further a 
diffracted-light study component for controlling the configuration of the secondary light 
source formed in the pupil of said illumination -light study equipment. 
[0016] In invention according to claim 9, invention concerning claim 10 is arranged 
between said diffracted-light study components and said optical integrators for 
controlling the configuration of said secondary light source, and has a zero -order light 
protection-from light means for shading the zero-order light from said diffracted-light 
study component for controlling the configuration of said secondary light source. 
[0017] In invention according to claim 10, said optical integrator is equipped with the 
incidence side cover glass arranged at the incidence side of two or more lens sides 
arranged two-dimensional and two or more of these lens sides, and invention concerning 
claim 11 forms said zero-order light pro tection-from -light means in said incidence side 
cover glass. 

[0018] As for said light source augmentation means, invention concerning claim 12 has 
a diffracted-light study component or a diffusion plate in invention of claim 1 11 given 
in any 1 term. Invention concerning claim 13 gives the antireflection film to the 
wavelength of said illumination light in invention of claim 9- 12 given in any 1 term on 
said diffracted-light study component or the front face of said diffusion plate. 
[0019] In invention of claim 113 given in any 1 term, said optical integrator is equipped 
with the injection side cover glass arranged at the injection side of two or more lens 
sides arranged two-dimensional and two or more of these lens sides, and invention 
concerning claim 14 prepares the protection from-light member for shading the light 
which passes through a different field from said two or more lens sides to this injection 
side cover glass, and faces to it to said irradiated plane side. 

[0020] In invention of claim 1-14 given in any 1 term, invention concerning claim 15 is 
arranged in the optical path between said fight source means and said irradiated planes, 
is equipped with the micro-lens array which consists of a substrate with which two or 
more lens sides were formed in the front face, and gives the antireflection film to said 
illumination light to said lens side of this micro-lens array. 

[0021] In invention of claim 1-15 given in any 1 term, invention concerning claim 16 is 
arranged between said light source means and said optical integrators, and is equipped 
with the illumination distribution amendment means for controlling independently 
each intensity distribution of the Fourier transform image of two or more of said light 
source images. 

[0022] In invention according to claim 16, said optical integrator is equipped with the 



incidence side cover glass arranged at the incidence side of two or more lens sides 
arranged two-dimensional and two or more of these lens sides, and the injection side 
cover glass arranged at the injection side of two or more of said lens sides, and invention 
concerning claim 17 arranges said illuminance distribution amendment means in the 
optical path between said incidence side cover glass and said injection side cover glass. 
[0023] As for invention concerning claim 18, the lay length to which said 
illumination-Ught study equipment intersects perpendicularly in predetermined lay 
length and this predetermined direction in invention of claim 1-17 given in any 1 term 
forms the lighting field of a different configuration on said irradiated plane. 
[0024] Moreover, invention which starts claim 19 in order to attain the 2nd 
above-mentioned purpose The optical integrator for forming the secondary light source 
based on the flux of light from the light source means and this light source means for 
supplying the illumination light, It is illumination-light study equipment equipped with 
the capacitor optical system for leading optically the flux of light from said optical 
integrator to a field [ **** ] with an irradiated plane or this irradiated plane. It has the 
diffracted-light study component arranged in the optical path between said light source 
means and said irradiated planes, and the antireflection film to said illumination light 
is given to the front face of this diffracted-light study component. 

[0025] Moreover, invention which starts claim 20 in order to attain the 2nd 
above-mentioned purpose The optical integrator for forming the secondary light source 
based on the flux of light from the light source means and this light source means for 
supplying the illumination light, It is illumination-light study equipment equipped with 
the capacitor optical system for leading optically the flux of light from said optical 
integrator to a field [ **** ] with an irradiated plane or this irradiated plane. It is 
arranged in the optical path between said light source means and said irradiated planes, 
and has the micro-lens array which consists of a substrate with which two or more lens 
sides were formed in the front face, and the antireflection film to said illumination light 
is given to said lens side of this micro-lens array 

[0026] Invention concerning claim 21 is set to invention according to claim 13, 15, 19, or 
20. Said antireflection film A1F3 ; BaF2 (Aluminum fluoride) ; CaF2 (Barium fluoride) ; 
CeF3 (Calcium fluoride) ,* CsF (Cerous fluoride) ; ErF3 (Cesium fluoride) ; GdF3 
((Erbium) Fluoride) ; HfF2 (Fluoride GADOMIUMU) LaF3 ((Hafnium) Fluoride) ; LiF 
(Fluoride lanthanum) ; MgF2 (Lithium fluoride) ; NaF (Magnesium fluoride) ;Na3AlF6 
(Sodium fluoride) ;Na5aluminum3F14 (Cryo light) ; NdF3 (Thio light) ((Neodymium) 
Fluoride) ;P. bF2 ; ScF3 ((Lead) Fluoride) ; SrF2 ((Scandium) Fluoride) ; TbF3 
(Strontium fluoride) ; ThF4 ((Terbium) Fluoride) ; YF3 ((Thorium) Fluoride) ; YbF3 
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((Yttrium) Fluoride) ; SmF3 ((Ytterbium) Fluoride) ((Samarium) fluoride) DyF - 
3(dysprosium fluoride) PrF3(praseodymium fluoride);EuF3(europium 

fluoride);HoF3(holmium fluoride); fluoride [ bismuth ] (BiF2); - tetrafluoroethylene 
resin (polytetrafluoroethylene, PTFE) - 3 fluoride- salt ized methylene resin 
(polychlorotrifluoroethylene resin, PCTFE), Polyvinyl fluoride (the Pori vinyl fluoride, 
PVF), a tetrafluoroethylene-6 fluoride propylene copolymer (ethylene propylene fluoride 
resin, FEP), Polyvinylidene fluoride resin (polyvinylidene fluoride, PVDF), And 
polyacetal Fluororesin;aluminum203(aluminum oxide);Si02(silicon 

oxide);Ge02(germanium dioxide);Zr02(zirconium dioxide);Ti02(titanium oxide);Ta 205 
which consists of at least one ingredient chosen from the group which consists of 
(POM) ; Nb 205 (Tantalum oxide) ; Hf02 (Niobium oxide) ; Ce02 (Oxidation hafnium) ; 
MgO (Cerium oxide) ; Nd 203 (Magnesium oxide) ; Gd 203 (Neodymium oxide) ; Th02 
(Oxidation gadolinium) ; (Thorium dioxide) Y203(oxidization yttrium);Sc203(scandium 
oxide);La 203 (lanthanum oxide) ;P r60 11 (oxidization praseodymium) ZnO (zinc 
oxide) ;P bO (lead oxide); [ The mixture group which consists of two or more ingredients 
chosen from the group of silicon oxide ] And the mixture group and conjugated 
compound group which consist of two or more ingredients chosen from the group of 
conjugated compound group; and an oxidation hafnium; it has one or more kinds of 
components chosen from mixture group and conjugated compound group; which consists 
of two or more ingredients chosen from the group of an aluminum oxide. 
[0027] In invention concerning claim 22, in invention of claim 1-21 given in any 1 term, 
said light source means supplies the illumination light with a wavelength of 200nm or 
less. It has the quartz glass with which, as for invention concerning claim 23, the 
fluorine was doped by said diffractedlight study component or said micro-lens array in 
invention according to claim 22. 

[0028] Moreover, invention which starts claim 24 in order to attain the 3rd 
above-mentioned purpose The optical integrator for forming the secondary light source 
based on the flux of light from the light source means and this light source means for 
supplying the illumination light, It is illumination-light study equipment equipped with 
the capacitor optical system for leading optically the flux of light from said optical 
integrator to a field [ **** ] with an irradiated plane or this irradiated plane. The 
micro-lens array which said optical integrator becomes from the substrate with which 
two or more lens sides were formed in the front face, It has injection side cover glass 
arranged at the injection side of this micro-lens array, and the pro tection-from -light 
member for shading the light which passes through a different field from said two or 
more lens sides of said micro-lens array to this injection side cover glass, and faces to it 
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to said irradiated plane side is prepared. 

[0029] Invention concerning claim 25 is equipped with the incidence side cover glass 
with which said optical integrator has been arranged at the incidence side of said 
micro-lens array in invention according to claim 24. 

[0030] Invention concerning claim 26 illuminates the mask with which the pattern was 
formed by the illumination light of a predetermined wavelength region, it is the 
projection aligner which carries out image formation of the image of said pattern on a 
substrate through projection optics, and in order to supply said illumination light to 
said mask, it is equipped with the illumination-light study equipment of claim 1-25 
given in any 1 term. 

[0031] In invention according to claim 26, the lighting field on said mask has the 
configuration from which predetermined lay length and the lay length which intersects 
perpendicularly in this predetermined direction differ, and invention concerning claim 
27 performs projection exposure, changing the relative physical relationship of said 
mask and said lighting field. 

[0032] Invention concerning claim 28 illuminates the mask with which the pattern was 
formed by the illumination light of a predetermined wavelength region, is the projection 
exposure approach of carrying out image formation of the image of said pattern on a 
substrate through projection optics, and supplies said illumination light to said mask 
using the illumination-light study equipment of claim 1-25 given in any 1 term. 
[0033] 

[Embodiment of the Invention] The operation gestalt of this invention is explained 
based on an accompanying drawing. Drawing 1 is drawing showing roughly the 
configuration of the projection aligner equipped with the illumination-light study 
equipment concerning the operation gestalt of this invention. In drawing 1 (a), the 
X-axis is set [ the Z axis ] up in the direction perpendicular to the space of drawing 1 for 
the Y-axis in a wafer side in the direction parallel to the space of drawing 1 in a wafer 
side along the direction of a normal of the wafer W which is the substrate (work piece) 
with which the photosensitive ingredient was applied, respectively 

[0034] The projection aligner shown in drawing 1 (a) is equipped with the excimer laser 
which supplies wavelength (248nm or 193nm) of light as the light source 1 for supplying 
exposure light (illumination light), flux of light **** which has the cross section of the 
shape of a rectangle of the request injected in accordance with the criteria optical axis 
AX from the light source 1 -- incidence of the parallel flux of light is carried out to the 
optical delay section 2. 

[0035] In this optical delay section, it divides into the flux of light which advances to two 
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or more optical paths by which incoming beams were mutually attached to the 
optical-path-length difference in time, and it injects, after compounding Lhe flux of light 
of these plurality again. Here, an optical-path-length difference is set up more than the 
time coherence length of the flux of light from the source 1 of coherent light. Therefore, 
a coherency (coherency) can be reduced in the wave train divided by the optical delay 
section 2, and generating of the interference fringe in an illuminated field or a speckle 
can be suppressed good. In addition, in order to suppress generating of a speckle good, it 
is desirable to arrange the above optical delay sections to three steps in accordance with 
an optical axis AX. 

[0036] About this kind of optical delay means, it is indicated by JP, 1-198759, A, 
JP,11-174365,A, JP, 11-312631, A, the Japanese-Patent- Application-No. No. 21591 [ 11 
to ] specification and the drawing, the Japanese-Patent- Application-No. No. 25629 [ 11 
to ] specification, the drawing, etc., for example. 

[0037] The flux of light divided into the incoherent multiplex pulse in time through the 
optical delay section 2 goes to the turret 30 which formed two or more micro-lens arrays 
31 and 32. 

[0038] Drawing 1 (b) is XY top view which looked at the turret 30 from the injection side. 
As shown in drawing 1 (b), the turret 30 is usually equipped with the micro-lens array 
31 for zona-orbicularis lighting, the micro-lens array 32 for multipoles (for example, 
four pole, eight poles, etc.) lighting, and the hole 33 for lighting. Here, the micro-lens 
array 31 for zona-orbicularis lighting has the lens side of a large number arranged in 
the shape of a two-dimensional matrix on XY flat surface, and the cross- section 
configuration in XY flat surface of these lens sides is a hexagon-like. Moreover, the 
micro lens array for multipole lighting also has the lens side of a large number arranged 
in the shape of a two-dimensional matrix on XY flat surface, and the cross-section 
configuration in XY flat surface of these lens sides is a square -like. 

[0039] The following explanation mainly explains the case where the micro-lens array 
31 for zona orbicularis lighting is set up all over an illumination-light way. It returns to 
drawing 1 (a), and two or more lens sides of the micro-lens array 31 for zona orbicularis 
lighting condense the flux of light from the light source 1 through the optical delay 
section 2, and form two or more light source images (when the refractive power of a lens 
side is forward, it is a real image, and it is a virtual image at the time of negative), and 
the emission flux of light which has a predetermined angle of divergence injects from 
this micro-lens array 31. The afocal zoom optical system 4 is arranged at the injection 
side of the micro-lens array 31. The afocal zoom optical system 4 is constituted so that 
the angular magnification may serve as adjustable, and after minding the afocal zoom 
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optical system 4, the emission flux of light which carries out incidence is injected so that 
it may become an include angle according to the set-up angular magnification. The flux 
of light injected from the afocal zoom optical system 4 goes to the turret 50 equipped 
with two or more diffracted-light study components 51-53. 

[0040] Drawing 1 (c) is XY top view which looked at the turret 50 from the injection side. 
The turret 50 is equipped with the diffracted-light study component 51 for 
zona-orbicularis lighting, the diffracted-light study component 52 for multipoles (for 
example, four pole, eight poles, etc.) lighting, and the diffracted-light study component 
53 usually for lighting as shown in drawing 1 (c). 

[0041] these diffracted-light study components form the level difference which has the 
pitch of wavelength extent of exposure light (illumination light) in the substrate (glass 
substrate) of light transmission nature here - it is constituted and has the operation 
which diffracts an incident beam at a desired include angle. Specifically, the 
diffracted -light study component 51 for zona-orbicularis lighting changes the flux of 
light which carried out incidence in accordance with the optical axis (Z axis) of 
illumination -light study equipment into the emission flux of light which has an anular 
shape-like cross section in a far field (long-sight field) field, moreover, the diffracted 
light study component 52 for multipole fighting be change into two or more emission 
flux of lights which have the cross section of 4-fold pole configuration used as four points 
that the flux of light which carried out incidence in accordance with the optical axis 
( Z-axis) of illumination light study equipment be locate in the 1st - the 4th quadrant in 
XY coordinate which made the optical axis the zero in the far field field, respectively. 
And the diffracted-light study component 53 for lighting usually changes the flux of 
light which carried out incidence in accordance with the optical axis of 
illumination-light study equipment into the emission flux of light which has a circular 
cross section in a far field field. 

[0042] In addition, since there is effectiveness of reducing generating of the interference 
fringe in an illuminated field or a speckle in a diffracted-light study component, 
depending on the case, installation of the optical delay section 2 is also omissible. Now, 
when it returns to drawing 1 (a) and the micro-lens array 31 for zona-orbicularis 
lighting is set up into an optical path, the diffracted-light study component 51 for 
zona-orbicularis lighting is set up all over an illumination-light way. Since the 
diffracted-light study component 51 for zona-orbicularis lighting is illuminated by the 
flux of light which has the predetermined include angle (numerical aperture) given 
according to not the parallel flux of fight but the micro-lens array 31, and the afocal 
zoom optical system 4, not the optical intensity distribution of the shape of a ring whose 
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width of face is zero substantially but the optical intensity distribution of the shape of 
zona orbicularis which has the width of face according to the above-mentioned 
predetermined include angle (the shape of a doughnut) are formed in the far field field. 
[0043] In the example of drawing 1 (a), the zoom optical system 6 which follows the 
diffracted-light study component 51 (52 53) forms the far field field in the distance (a 
backside [ the zoom optical system 6 ] focal location, or its near) of finite. Therefore, 
optical zona-orbicularis-like intensity distribution are formed in a backside [ the zoom 
optical system 6 ] focal location, or the location of the near. 

[0044] Here, zooming of them is proportionally carried out-like by changing the focal 
distance of the zoom optical system 6, optical zona -orbicularis like intensity distribution 
maintaining the zona-orbicularis ratio (ratio of a bore to the outer diameter of the zona 
orbicularis). Moreover, since it is possible to change the width of face (difference of the 
outer diameter of the zona orbicularis and a bore) of the zona orbicularis by changing 
the angular magnification of the afocal zoom optical system 4 as above-mentioned, a 
zona-orbicularis ratio and zona-orbicularis width of face can be independently set as 
any value by adjusting independently the angular magnification and the focal distance 
of such afocal zoom optical system 4 and the zoom optical system 6. 

[0045] Moreover, the case where both the micro-lens arrays 32 and diffracted light 
study components 52 for multipole lighting are set up all over an illumination-light way 
is explained briefly. Since two or more lens sides which have a rectangle cross section 
are formed in the micro-lens array 32 as above -mentioned, The flux of light which it was 
injected from the micro-lens array 32, and carried out incidence to the afocal zoom 
optical system 4 It becomes the flux of light which has a rectangle cross section in the 
pupil surface at the time of making the object point of the afocal zoom optical system 4 
into the micro-lens array 32, and incidence is carried out to the diffracted-light study 
component 52 as the flux of light which has an include angle (numerical aperture) 
according to the angular magnification of the afocal zoom optical system 4. 
[0046] Two or more flux of lights which have four rectangle cross sections located in 
each of the 1st - the 4th quadrant in XY coordinate which made the optical axis the zero 
arrive at the far field field of the diffracted-light study component 52, i.e., a backside 
[ the zoom optical system 6 ] focal location, and the location of the near. 
[0047] Here, the magnitude of the rectangle of the flux of light of four rectangle cross 
sections formed in a backside [ the zoom optical system 6 ] focal location or the location 
of the near is changed by changing the angular magnification of the afocal zoom optical 
system 4 like the time of zona-orbicularis lighting, respectively Moreover, the distance 
from the optical axis of the center position of the flux of light of four rectangle cross 
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sections formed in a backside [ the zoom optical system 6 ] focal location or the location 
of the near is changed by changing the focal distance of the zoom optical system 6. 
[0048] Moreover, if the time of lighting is usually explained, at this time, the hole 33 and 
the diffracted-light study component 53 of a turret 30 will be set as an 
illumination-light way. Therefore, the afocal zoom optical system 4 receives the parallel 
flux of light of the rectangle cross section from the optical delay section 2, and has the 
function to change the width of face of XY cross section of the parallel flux of light 
according to the angular magnification. That is, at the time of lighting, the afocal zoom 
optical system 4 usually functions as a beam expander. 

[0049] In order that the diffracted-light study component 53 may form in a far field field 
the flux of light which has a circular cross section in response to the parallel flux of light 
as above-mentioned, the flux of light which has a circular cross section is formed in a 
backside [ the zoom optical system 6 ] focal location, or the location of the near. Here, 
the diameter of the flux of light of a circular cross section is changed by changing the 
focal distance of the zoom optical system 6. 

[0050] In addition, the projection aligner of drawing 1 (a) The lens of the 1st mechanical 
component 34 which drives a turret 30 and performs exchange and insertion and 
detachment of a micro-lens array, and the afocal zoom optical system 4 is driven. It has 
the 2nd mechanical component 44 which changes the angular magnification, the 3rd 
mechanical component 54 which drives a turret 50 and exchanges a diffracted-light 
study component, and the 4th mechanical component 64 which drives the lens of the 
zoom optical system 6 and changes the focal distance. It connects with the control 
section 14, respectively, and these 1st [ the ] - the 4th mechanical component 34, 44, 54, 
and 64 are controlled by the command from this control section 14. 

[0051] Now, incidence of the flux of light from the zoom optical system 6 is carried out to 
the optical integrator 7 which has the micro-lens array of a pair. Hereafter, the optical 
integrator 7 is explained with reference to drawing 2 - drawing 4 . 

[0052] Drawing 2 (a) is YZ sectional view of the optical integrator 7, and drawing 2 (b) is 
XY top view of the micro-lens array 71 in the optical integrator 7 (72). 
[0053] As shown in drawing 2 (a), the optical integrator 7 of this operation gestalt has 
the micro-lens arrays 71 and 72 of a pair, the incidence side cover glass 73 located in the 
incidence side of a micro-lens array, the injection side cover glass 74 located in the 
injection side of a micro-lens array, and the diffracted-light study component 75 as a 
light source augmentation means. 

[0054] here, the micro-lens arrays 71 and 72 of a pair have the same basic configuration 
mutually, and show it to drawing 2 (b) - as the shape of a two-dimensional matrix 
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and it is the optical element equipped with microlens element 71a (72a) of the forward 
refractive power of the rectangle -like cross section of a large number arranged densely. 
Each micro-lens arrays 71 and 72 are constituted by performing etching processing to 
the parallel flat-surface glass substrate 701 of a square configuration mostly, and 
forming a microlens side in the service area 702 of a circle configuration. 
[0055] In addition, although only microlens side 71a (71b) of a large number formed in 
the incidence side of each micro-lens array 71 (72) was illustrated in drawing 2 (b), each 
micro-lens array 71 (72) has microlens side 71b (72b) formed in each which is two or 
more microlens side 71a (72a) formed in the incidence side, and a coaxis at the injection 
side. This microlens side 71b (72b) is also formed in the service area of a circle 
configuration of the etching processing performed to the parallel flat- surface glass 
substrate 701. 

[0056] In the optical integrator 7 in this operation gestalt, 1000 - 50000 pieces or 
microlens side 71a (71b, 72a, 72b) of the number beyond it is formed in the service area 
702. The magnitude of this microlens side can set the diameter of about 0.54mmx0.2mm 
and a service area 702 to phi86mm, and can make the number of a microlens side about 
50000 pieces in this case. In addition, the number of the microlens sides formed in a 
micro-lens array for the clear-izing is expressed with the drawing actually more very 
few. 

[0057] Since the plane of incidence of the micro-lens array 71 is arranged conjugate 
[ which are an irradiated plane / the Wth page of a wafer and conjugate ] so that it may 
mention later, the shape of an appearance of one microlens side is rectangle like - with 
the lighting field on Wafer W, and the similarity configuration book operation gestalt. 
[0058] Drawing 3 is the optical-path Fig. of the micro lens arrays 71 and 72 of a pair. As 
shown in drawing 3 , the microlens sides 71a and 71b of the pair of the micro-lens array 
71 and the microlens sides 72a and 72b of the pair of the micro-lens array 72 meet the 
optical axis shown with the alternate long and short dash line in drawing, and are 
arranged at the coaxis. 

[0059] As a continuous line shows to drawing 3 , the flux of light which carried out 
incidence in parallel with the synthetic optical system which consists of microlens sides 
71a, 71b, 72a, and 72b arranged in accordance with the optical axis forms a light source 
image in a backside [ the synthetic optical system ] focal plane. Moreover, as a broken 
line shows to drawing 3 , it is constituted so that a before [ the synthetic optical system 
which consists of microlens sides 71a, 71b, 72a, and 72b arranged in accordance with 
the optical axis ] side focal plane may be in agreement with the plane of incidence 
(microlens side 71a) of the micro-lens array 71. 
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[0060] Also in microlens sides other than the microlens side arranged in accordance 
with an optical axis, it is positioned so that each of two or more microlens sides by the 
side of the incidence of the micro lens array 71, two or more microlens sides by the side 
of injection, two or more microlens sides by the side of the incidence of the micro-lens 
array 72, and two or more microlens sides by the side of injection may also serve as a 
coaxis to an axis parallel to an optical axis. 

[0061] Therefore, the secondary light source which consists of the aggregate of many 
light source images is formed in a backside [ the micro-lens arrays 71 and 72 of a pair ] 
focal plane. In addition, with this operation gestalt, the backside [ the micro-lens arrays 
71 and 72 of a pair ] focal plane serves as a pupil (lighting pupil) of illumination-light 
study equipment. 

[0062] The configuration of the secondary light source turns into a cross-section 
configuration of the flux of light which carries out incidence to the optical integrator 7, 
and a configuration of almost similarity here, for example, when the micro-lens array 31 
for zona -orbicularis lighting and the diffracted-light study component 51 for 
zona orbicularis lighting are set up all over an illumination-light way When 
zona orbicularis-like the secondary light source is formed in a lighting pupil and the 
micro-lens array 32 for multipole (4-fold pole) lighting and the diffracted-light study 
component 52 for multipole (4-fold pole) lighting are set up all over an illumination-light 
way The secondary light source (aggregate of four light source images of the rectangle 
cross section located in each of the 1st - the 4th quadrant in XY coordinate which made 
the optical axis the zero) which has four rectangle cross sections which carried out 
eccentricity to the optical axis is formed in a lighting pupil. Moreover, at the time of 
lighting, the secondary light source of a circle configuration is usually formed in a 
lighting pupil. 

[0063] It returns to drawing 1 . Now, in the location of a lighting pupil (backside [ the 
micro-lens arrays 71 and 72 of a pair ] focal plane) The flux of light from the secondary 
light source which the tris diaphragm 8 which can change the diameter of opening of a 
circle configuration continuously is arranged, and is formed in the location of this tris 
diaphragm 8 It is condensed by the zoom capacitor optical system 9 positioned in the 
location of a tris diaphragm 8, and a before side focus illuminates in superposition the 
lighting field diaphragm (reticle blind) 10 positioned near the after that side focus. In 
addition, in this operation gestalt, the zoom capacitor optical system 9 is later 
mentioned about the operation, although it is the zoom lens which has the projection 
property of fsintheta. In addition, the diameter of opening of a tris diaphragm 8 is set as 
the predetermined diameter of opening by the drive of the 5th mechanical component 
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controlled by the above-mentioned control section 14. 

[0064] the lighting field-diaphragm image formation optical system II (blind image 
formation system) by which the flux of light which passed opening of the lighting field 
diaphragm 10 forms the image of opening of a lighting field diaphragm in the pattern 
side of Reticle R - minding the pattern side of Reticle R - opening of a lighting field 
diaphragm, and an analog the lighting field of a ** is formed. 

[0065] The light from a reticle pattern located in this fighting field reaches on Wafer W 
through the projection optics PL located between Reticle R and Wafer W, and forms the 
image of a reticle pattern in the exposure field on Wafer W. Here, Reticle R is laid on the 
reticle stage 12 movable in the direction of Y at least, and Wafer W is laid on the 
movable wafer stage 13 two-dimensional in XY flat surface at least. 

[0066] With this operation gestalt, the configuration of the exposure field on Wafer W 
and the lighting field on Reticle R has the shape of a rectangle which has a longitudinal 
direction in the direction of X (slot configuration). By moving Reticle R and Wafer W to 
projection optics PL with the velocity ratio according to the projection scale factors (for 
example, -1/4 time to 1/5 a time to 1/6 time etc.) of projection optics The pattern image 
formed in the pattern formation field of Reticle R can be imprinted to one shot field on 
Wafer W. 

[0067] Now, in this operation gestalt, the secondary fight source of a zona -orbicularis 
configuration or a multipole configuration is substantially formed without a quantity of 
light loss using the micro-lens arrays 31 and 32 and the diffractedlight study 
components 51 and 52 as mentioned above. In the secondary light source (secondary 
fight sources, such as a zona -orbicularis configuration and a multipole configuration) 
which has the optical intensity distribution to which the optical reinforcement in a pupil 
core field including such an optical axis was set smaller than the field around a pupil 
core field, the energy density of the light source image of a large number which form 
this secondary light source becomes high. 

[0068] In this case, in the micro-lens array 72 located near many light source images, or 
injection side cover glass 74, there are a possibility that the antireflection film and the 
substrate itself , which is prepared in those front faces may be destroyed, and a 
possibility of causing degradation and aging of permeability although destruction does 
not result. 

[0069] So, with this operation gestalt, the diffracted hght study component 75 as a light 
source augmentation means is arranged to the light source side of the micro-lens array 
71 which constitutes some optical integrators 7. Hereafter, with reference to drawing 4 
and drawing 5 , the function of the diffracted-light study component 75 as a light source 
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augmentation means is explained. 

[0070] Drawing 4 is the principle explanatory view of the diftracted light study 
component 75, and shows the diffracted-light study component 75 and incidence side 
lens side 71a of the micro-lens array 71 here. As shown in drawing 4 (a), the 
diffracted-light study component 75 has the function to make the parallel flux of light 
which carries out incidence there emit by the predetermined angle of divergence theta. 
At this time, the far field pattern FFP with which the cross section in XY flat surface 
serves as a circle configuration mostly as shown in drawing 4 (b) is formed in the far 
field field FF of the diffracted-light study component 75. Moreover, the diffracted-light 
study component 75 may form the far field pattern FFP with which the cross section in 
XY flat surface becomes rectangle-like mostly as shown in drawing 4 (c). 
[0071] Drawing 5 is drawing showing the optical path of the emission flux of light from 
the diffracted-light study component 75. In drawing 5 , a continuous line shows an 
optical axis and the parallel flux of light which advances to parallel among the emission 
flux of lights from the diffracted-light study component 75, a broken-line broken line 
shows the parallel flux of light which advances to the slant up side to an optical axis, 
and the two-dot chain line shows the parallel flux of light which goes to the slant bottom 
to an optical axis. 

[0072] Here, the parallel flux of light parallel to the optical axis shown by the drawing 
solid line is refracted according to each lens sides 71a-72b of the micro-lens arrays 71 
and 72 of a pair, and intersects an optical axis in the location (location of a lighting 
pupil) of the lighting aperture diaphragm 8. That is, the light source image based on the 
parallel flux of light parallel to an optical axis is formed in the location on this optical 
axis. The parallel flux of light which advances to the slant bottom on the other hand to 
the optical axis shown by the drawing destructive line The parallel flux of light which 
advances to the slant bottom to the optical axis which is refracted according to the lens 
sides 71a-72b, condenses above the optical axis of the location (location of a lighting 
pupil) of the lighting aperture diaphragm 8, and is shown by 2 point lead lines in 
drawing It is refracted according to the lens sides 71a-72b, and condenses below the 
optical axis of the location (location of a lighting pupil) of the lighting aperture 
diaphragm 8. Since the angular distribution of the light diverging from the 
diffracted-light study component 75 is [ that it is not discrete and ] continuous, the 
divided not a light source image but expanded light source image SI are formed in the 
location of the lighting aperture diaphragm 8. 

[0073] Although drawing 5 described the light source image SI by the lens sides 71a-72b 
arranged in accordance with an optical axis, the micro-lens arrays 71 and 72 have in 
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fact the group of two or more lens sides arranged along with two or more axes parallel to 
an optical axis, and the light source image SI to which plurality was expanded will be 
formed in the location of a lighting aperture diaphragm. 

[0074] Thus, in the expanded light source image SI, since an energy density becomes low, 
neither a possibility that the antireflection film and the substrate itself in the 
micro-lens array 72 or injection side cover glass 74 may be destroyed, nor a possibility of 
causing degradation and aging of permeability although destruction does not result is. 
Therefore, the stable irradiated plane can be illuminated. 

[0075] Now, as for the angle of divergence of the diffracted-light study component 75 as 
a light source augmentation means, in this operation gestalt, it is desirable that it is 
determined that loss of the illumination light does not arise in the optical integrator 7. 
That is, when the optical integrator 7 has two or more microlens sides (71a, 71b, 72a, or 
72b) arranged in the shape of two-dimensional like this operation gestalt, it is desirable 
to define the angle of divergence of the diffracted-light study component 75 so that the 
magnitude of the expanded light source image SI may become smaller than the 
magnitude in XY flat surface of a microlens side (71a, 71b, 72a, or 72b). 
[0076] When the magnitude of the light source image SI to which the angle of 
divergence of the diffracted-light study component 75 was expanded becomes larger 
than the magnitude in XY flat surface of the microlens side (71a, 71b, 72a, or 72b) of the 
optical integrator 7 here The flux of light advances except two or more microlens sides 
(71a, 71b, 72a, or 72b), and since this flux of light stops contributing to secondary light 
source formation, quantity of light loss produces it. In addition, the magnitude of the 
expanded light source image SI becomes settled with an include angle (numerical 
aperture), the diffracted-light study component 75, the micro lens array 71, n distance 
of the focal distance of not only the angle of divergence of the diffracted-light study 
component 75 but the micro-lens arrays 71 and 72, and the flux of light which carries 
out incidence to the diffracted-light study component 75, etc. 

[0077] The angle of divergence of the diffracted-light study component 75 is made into 2 
degrees - about 3 degrees, and the magnitude of the light source image SI is made to 
become about 2 times with this operation gestalt to the magnitude of the light source 
image when not inserting the diffracted-light study component 75. 

[0078] Now, it returns to drawing 4 (a), and the diffracted-light study component as a 
light source augmentation means is arranged so that incidence side lens side 71a of the 
micro-lens array 71 may be located near the near-field field NF. Here, since each of two 
or more incidence side lens side 71a of the micro lens array 71 serves as an exposure 
field on Wafer W, and arrangement [ **** / almost], when unevenness is in illumination 
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distribution within incidence side lens side 71a, it has a possibility that the illumination 
distribution in the exposure field on Wafer W may become uneven. 

[0079] Therefore, as for the diffracted -light study component as a light source 
augmentation means, it is desirable that the illumination distribution of the near-field 
field is almost uniform. Now, if each of two or more light source images twisted to an 
optical integrator like this operation gestalt is expanded, the effectiveness that a sigma 
value (reticle side numerical aperture of the illumination light study equipment to the 
reticle side numerical aperture of projection optics) can be set up continuously can also 
be acquired. Hereafter, it explains with reference to drawing 6 . 

[0080] Drawing 6 is the top view which looked at the optical integrator from the 
injection side side, drawing 6 (a) shows the condition that the light source image S 
which is not expanded is formed, and drawing 6 (b) shows the condition that the 
expanded light source image S is formed. 

[0081] Since two or more light source image S is discretely arranged when the light 
source image S which is not expanded as shown in drawing 6 (a) is formed, as a drawing 
solid line shows, the outer diameter of the secondary light source cannot be set up 
discretely. Since spacing of the light source image IS to which plurality was expanded 
becomes dense when the light source image SI expanded on the other hand as shown in 
drawing 6 (b) is formed, as a drawing destructive line shows, the outer diameter of the 
secondary light source can be set up almost continuously. The effectiveness which can 
control a sigma value continuously and can raise the image formation engine 
performance of a projection aligner by this can be acquired. 

[0082] In addition, it is effective especially when there is little number of two or more 
lens sides which constitute an optical integrator (the magnitude of two or more lens 
sides is large). Moreover, the effectiveness that the damage to the optical member by 
flare light can be reduced is also produced by expanding each of two or more light source 
images twisted to an optical integrator like this operation gestalt. Flare light occurs 
between the optical system from an optical integrator to a wafer, and a case so that the 
flare light may connect a focus to the interior of the optical member of the optical system 
concerned or its near is assumed. In this case, if the magnitude of the light source image 
itself is large, the energy in the . condensing location of flare light itself and the 
effectiveness which can extend a period, i.e., a life, since it will become low, until it 
prevents destruction of an optical member (or thin film on an optical member) or results 
to destruction will also be produced. 

[0083] Now, although the diffracted-light study component 75 was used as a light source 
augmentation means with the above-mentioned operation gestalt, as a light source 
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augmentation means, it may be a dioptrics component or you may be a diffusion plate. 
Even if it is the case where a dioptrics component and a diffusion plate are used as a 
light source augmentation means here, it is set as the value of a request of the range of 
the angle of divergence from a light source augmentation means, and it is desirable that 
the illuminance distribution in the far field field of a light source augmentation means 
and the illuminance distribution in a near-field field (or the irradiated plane in an 
optical integrator and a location [ **** ]) are uniform distribution substantially. 
[0084] Moreover, although the light source augmentation means made the configuration 
of the far field pattern formed in a far field field the shape of a circle configuration or a 
rectangle with the above-mentioned operation gestalt as shown in drawing 4 (b) and (c), 
the configuration of this far field pattern is not restricted to this. For example, various 
configurations, such as the shape of a polygon, such as the shape of the shape of the 
shape of the shape of a rectangle (the shape of the shape of a square and a rectangle) 
and a hexagon, trapezoidal shape, and a rhombus and 8 square shapes, elliptical, and a 
radii configuration, can be taken. However, as for the configuration of the far field 
pattern of a light source image formation means, it is desirable that it is the 
configuration of a lighting field and similarity which are formed in an irradiated plane. 
[0085] Now, the light from the secondary light source formed in the injection side of the 
optical integrator 7 is condensed, and the capacitor optical system 9 for illuminating the 
lighting field diaphragm 10 in superposition consists of above-mentioned operation 
gestalten so that the projection property may be set to Fsintheta. The chief ray at the 
time of setting the focal distance of the capacitor optical system 9 to F, and specifically 
presupposing that a before [ the capacitor optical system 9 ] side focal location is an 
entrance pupil is considered. m When setting to Y distance from the optical axis of the 
location which sets the angle of incidence to the capacitor optical system 9 of the chief 
ray concerned to theta, and this chief ray is injected from the capacitor optical system 9, 
and carries out incidence to an irradiated plane, or it and a field [ **** ] (l) The 
projection relation of Y=Fsintheta is satisfied., In addition, the capacitor optical system 
9 in this operation gestalt is maintaining the projection relation of the above-mentioned 
(l) formula mostly on the occasion of zooming, although a focal distance is strange good 
zoom optical system. 

[0086] Thus, when the capacitor optical system 9 is constituted and the secondary light 
source can regard it as the perfect-diffuse- surface light source in approximation, the 
illuminance and numerical aperture within XY flat surface in which the fighting field 
diaphragm 10 is located can be set constant irrespective of the location within XY side. 
[0087] And in order that the secondary light source formed by the optical integrator 7 
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may enable it to regard it as the perfect-diffuse-surface light source in approximation, 
he forms in an aspheric surface configuration the microlens sides 71a, 72b, 72a, and 72b 
which the optical integrator 7 has, and is trying to attain amendment of the spherical 
aberration of the optical integrator 7, and amendment (satisfaction of sine condition) of 
comatic aberration with this operation gestalt. Therefore, it is possible for the 
illumination-light bundle of a homogeneity illuminance and homogeneity numerical 
aperture to reach the lighting field diaphragm 10, as a result to attain the homogeneity 
of an illuminance and the homogeneity of numerical aperture to it with this operation 
gestalt, in the exposure field whole region on the wafer W which is an irradiated plane. 
[0088] In addition, although all the microlens sides 71a, 72b, 72a, and 72b are formed in 
the same aspheric surface configuration in this example in order to make manufacture 
easy, the configurations of these microlens sides may not differ mutually and also need 
to establish the aspheric surface in no microlens sides. 

[0089] Moreover, all the microlens sides 71a, 72b, 72a, and 72b that the optical 
integrator 7 has may be formed in a spherical-surface configuration. In this case, if it is 
made to change the field configuration of each microlens side mutually, it will become 
possible to amend spherical aberration and to satisfy sine condition. 
[0090] Moreover, with the above-mentioned operation gestalt, although the micro-lens 
arrays 71 and 72 are applied as an optical integrator 7 instead, the fly eye lens 
constituted by accumulating two or more cylindrical lenses in the shape of a 
two-dimensional matrix may be applied. 

[0091] Here, the micro-lens array and the fly eye lens are common to the point that 
many microlens sides are arranged in the shape of a two-dimensional matrix. However, 
a micro-lens array is the point currently formed in one, without isolating many 
microlens elements mutually, and differs from the fly eye lens which consists of a lens 
element isolated mutually. 

[0092] Furthermore, in a micro lens array, there is an advantageous point that 
magnitude of the microlens side can be made minute, as compared with a fly eye lens. 
Since the wave front- splitting effectiveness of the optical integrator 7 becomes very large 
by making magnitude of a microlens side minute here, it becomes possible to raise the 
illuminance homogeneity in an irradiated plane (the Wth page of wafer), and when 
lighting conditions are changed further (usually lighting to deformation lighting etc.), it 
becomes possible to suppress fluctuation of the illuminance distribution in an irradiated 
plane, and fluctuation of telecentricity to a very small value. 

[0093] Moreover, with the above-mentioned operation gestalt, in order to avoid that the 
front face of the micro-lens arrays 71 and 72 and the diffracted light study component 
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75 as a light source augmentation means is polluted by the photochemical reaction, it 
has incidence side cover glass 73 and injection side cover glass 74. Therefore, what is 
necessary is to exchange only the cover glass 73 and 74 of a pair, without exchanging 
the micro*lens arrays 71 and 72 and the diffracted-light study component 75 of a pair, 
even if contamination by photochemical reaction takes place. In addition, in the optical 
path between the cover glass 73 and 74 of a pair, it is desirable that the inert gas which 
raised the air cleanliness class, such as air, a dried air, nitrogen, and helium, is purged. 
[0094] In addition, such cover glass 73 and 74 is effective also in an above-mentioned fly 
eye lens. Moreover, in an above-mentioned example, although the diffracted-light study 
component 75 has been arranged between incidence side cover glass 73 and the 
micro-lens array 71, a diffraction side, a refracting interface, or the optical diffusing 
surface may be formed in the flat surface by the side of injection of incidence side cover 
glass 73 (micro-lens array side), and a light source augmentation means may be formed 
in the injection side of incidence side cover glass 73. 

[0095] Moreover, in order to control the illuminance distribution in an irradiated plane 
(the Wth page of wafer), when arranging the optical member (permeability distribution 
controller material) for adjusting permeability distribution to an irradiated plane and a 
location [ **** / almost ], it is more desirable [ it is an optical path by the side of the light 
source, and ] than an optical integrator to arrange in the optical path between incidence 
side cover glass 73 and the micro-lens array 71. It is possible for this to reduce 
contamination of permeability distribution controller material. In addition, as for this 
permeability distribution controller material, it is desirable to arrange in the optical 
path between the diffracted light study component 75 as a light source augmentation 
means and the micro-lens array 71 (two or more lens sides arranged in the shape of 
two - dimensional) . 

[0096] Such permeability distribution controller material is indicated by for example, 
JP,64-42821,A, JP, 7- 130600, A, JP,9 : 223661,A, JP,10-319321,A, JP, 2000-21750, A, 
JP, 2000- 39505, A, WO 99/No. 36832 official report, etc. 

[0097] Now, in an above-mentioned operation gestalt, since the location near the plane 
of incidence of the optical integrator 7 is a backside [ the zoom optical system 6 by the 
side of that incidence ] focal location, when a part for zero-order Mitsunari is injected 
from the diffracted-light study components 51-53 according to factors, such as a 
manufacture error, there is a possibility that the amount of this zero-order Mitsunari 
may become noise light. 

[0098] Moreover, when two or more lens sides arranged in the shape of two-dimensional 
like a fly eye lens are not dense, or when being formed so that densely [ two or more lens 
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sides ] for convenience' sake on manufacture of a micro lens array, there is a possibility 
that the leakage light from between two or more lens sides may turn into noise light. 
[0099] In such a case, what is necessary is just to prepare the protection-from-light 
member for shading a part for above-mentioned zero-order Mitsunari, and leakage light 
to injection side cover glass. Hereafter, the protection-from-light member prepared in 
injection side cover glass with reference to drawing 7 is explained. 

[0100] Drawing 7 is drawing for explaining the configuration of the optical integrator 
which prepared the protection-from-light member in injection side cover glass, and it is 
XY top view in which drawing 7 (a) shows YZ sectional view, and drawing 7 (b) shows 
the physical relationship of injection side cover glass and a fly eye lens. In addition, in 
the example of drawing 7 , the optical integrator has applied not a micro-lens array but 
the fly eye lens. 

[0101] The optical integrator shown in drawing 7 (a) is equipped with the fly eye lens 
710 which has incidence side cover glass 730, the diffracted-light study component 75 as 
a light source augmentation means, and two or more cylindrical lens elements 
accumulated in the shape of a two-dimensional matrix in XY flat surface sequentially 
from the incidence side of light, and injection side cover glass 740. These optical 
members are arranged so that it may become a coaxis in accordance with the optical 
axis shown with the alternate long and short dash line in drawing. 

[0102] Here, the protection-from-light pattern 741 is formed in injection side cover glass 
740. This protection-from-light pattern 741 is formed by vapor- depositing chromium etc. 
on injection side cover glass 740. 

[0103] As shown in drawing 7 (b), the protection-from-light pattern 741 is positioned in 
XY flat surface so that between two or more lens elements (a broken line illustrates only 
injection side lens side 710b in drawing 7 (b)) which constitute a fly eye lens may be 
covered. Moreover, this protection -from -light pattern has also covered the location near 
[ that ] the optical axis, in order to shade a part for zero-order Mitsunari from the 
diffracted -light study components 5153. 

[0104] In addition, as show in drawing 8 , in order that the amount of [ from the 
diffracted light study components 51-53 ] zero-order Mitsunari may condense in a 
backside [ the zoom optical system 6 ] focal location and it may prevent the damage to 
the thin film on the optical member ( the incidence side cover glass, micro lens array 71 
grade) and the optical member concerned near the condensing point location, the 
protection from light pattern 731 may be form in the location near the optical axis of 
incidence side cover glass 730. 

[0105] Now, it returns to drawing 1 (a) and the configuration of the zoom capacitor 
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optical system 9 is explained. The zoom capacitor optical system 9 is equipped with two 
or more lens groups along the direction of an optical axis (Z direction in drawing), and 
the focal distance can be made adjustable by changing those spacing. At this time, the 
before [ the zoom capacitor optical system 9 ] side focal location is substantially in 
agreement with the location (the location of a tris diaphragm 8 } or location of a lighting 
pupil) of the secondary light source" which the optical integrator 7 forms. Moreover, the 
lighting field diaphragm 10 is positioned in the backside [ the zoom capacitor optical 
system 9 ] focal location. Here, the zoom capacitor optical system 9 is constituted so that 
a before [ the zoom capacitor optical system 9 ] side and a backside focal location may 
not be changed at the time of focal distance adjustable [ the ]. Migration in the direction 
of an optical axis of two or more lens groups of zoom capacitor optical system is 
performed by the 6th mechanical component. 

[0106] Thus, by changing the focal distance of the zoom capacitor optical system 9, it is 
possible to change the lighting area size formed in the location of the lighting field 
diaphragm 10. 

[0107] Here, the lighting field diaphragm 10 has four protection-from-light wings, two of 
protection-from-light wings of these have the pair of the protection-from-light side 
which met in the direction of X in drawing, and the two remaining protection-from-light 
wings have the pair of the protection-from-light side which met in the direction of Y in 
drawing. It is possible to set the magnitude of opening of the shape of a rectangle which 
drives these four protection from-light wings by the 7th mechanical component 104, and 
is formed of the protection-from-light side of four protection-from-light wings in every 
direction as any value. In addition, you may be the configuration of having the 
protection-from-light side where the shape of L character intersected perpendicularly 
instead of four protection-from-light wings, and having 2 sets of movable 
protection-from-light members in XY fiat surface. 

[0108] It is possible to change without quantity of light loss of the lighting area size 
formed on a reticle by this according to the property of the reticle to be used. In addition, 
although the numerical aperture of the illumination light on the location of the lighting 
field diaphragm 10 as a result Reticle R, or Wafer W will change by changing the focal 
distance of the zoom capacitor optical system 9, this can, be compensated by changing 
magnitude of the secondary light source by changing the focal distance of the 
above-mentioned zoom optical system 6. 

[0109] In addition, these 6th and 7th mechanical components are also controlled by the 
control section 14. Next, actuation of a control section 14 is explained. The control 
section 14 is connected to the input section 15 which consists of a reticle bar code reader 
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arranged all over a console or the conveyance way of Reticle R. 

[OHO] And the information about various kinds of reticles which should carry out 
sequential exposure, the information about the lighting conditions of various reticles, 
the information about the exposure conditions of various wafers, etc. are inputted into a 
control section 14 through this input section 15. 

[0111] About various kinds of reticles and wafers, the control section 14 has memorized 
information, such as magnitude of a request of a lighting field (exposure field), optimal 
lighting numerical aperture, optimal line breadth (resolution), and the desired depth of 
focus, in internal memory, answers an input from an input means, and supplies the 
suitable control signal for the 1st - the 7th mechanical component. 

[0112] For example, when usually carrying out circular lighting under the Ugh ting field 
of desired magnitude, the optimal lighting numerical aperture, the optimal resolution, 
and the desired depth of focus, the 1st mechanical component 34 positions a hole 33 in 
an illumination -light way based on the command from a control section 14, and the 3rd 
mechanical component usually sets up the diffracted light study component 53 for 
lighting in an illumination-light way based on the command from a control section 14. 
And in order to obtain the lighting field which has desired magnitude on Reticle R, the 
6th mechanical component 94 sets up the focal distance of the zoom capacitor optical 
system 9 based on the command from a control section 14, and the 7th mechanical 
component 104 sets up the magnitude and the configuration of opening of the lighting 
field diaphragm 10 based on the command from a control section 14. Moreover, in order 
to obtain desired lighting numerical aperture on Reticle R, the 4th mechanical 
component 64 sets up the focal distance of the zoom optical system 6 based on the 
command from a control section 14. Furthermore, where quantity of light loss is 
suppressed good, in order to specify the outer diameter of the secondary light source of 
the circle configuration which the optical integrator 7 forms, the 5th mechanical 
component 84 sets up the diameter of opening of a tris diaphragm 8 based on the 
command from a control section 14. 

[0113] In addition, what is necessary is just to set a tris diaphragm 8 as sufficient 
diameter of opening to shade the flare light of the outside of the secondary light source 
of a circle configuration in this operation gestalt, since the secondary light source of the 
circle configuration of the magnitude of arbitration is formed without shading the flux 
of light according to the zoom optical system 6. 

[0114] Moreover, it is possible by combining modification actuation of the focal distance 
of the zoom optical system 6 by the 4th mechanical component 64, and modification 
actuation of the focal distance of the zoom capacitor optical system 94 by the 6th 



-28- 




mechanical component 94 to change the lighting area size and lighting numerical 
aperture in Reticle R mutually-independent. 

[0115] Moreover, when performing zona orbicularis lighting under the lighting field of 
desired magnitude, the optimal lighting numerical aperture, the optimal resolution, and 
the desired depth of focus, the 1st mechanical component 34 positions the micro-lens 
array 31 for zona-orbicularis lighting in an illumination-light way based on the 
command from a control section 14, and the 3rd mechanical component sets up the 
diffracted-light study component 51 for zonaorbicularis lighting in an 
illumination-light way based on the command from a control section 14. And in order to 
obtain the lighting field which has desired magnitude on Reticle R, the 6th mechanical 
component 94 sets up the focal distance of the zoom capacitor optical system 9 based on 
the command from a control section 14, and the 7th mechanical component 104 sets up 
the magnitude and the configuration of opening of the lighting field diaphragm 10 based 
on the command from a control section 14. Moreover, in order to obtain desired lighting 
numerical aperture on Reticle R, the 4th mechanical component 64 sets up the focal 
distance of the zoom optical system 6 based on the command from a control section 14. 
Furthermore, where quantity of light loss is suppressed good, in order to specify the 
outer diameter of the secondary light source of the zona orbicularis configuration which 
the optical integrator 7 forms, the 5th mechanical component 84 sets up the diameter of 
opening of a tris diaphragm 8 based on the command from a control section 14. 
[0116] In addition, what is necessary is just to set a tris diaphragm 8 as sufficient 
diameter of opening to shade the flare light of the outside of the zona orbicularis-like 
the secondary light source in this operation gestalt, since the secondary light source of 
the shape of zona orbicularis which has the zona orbicularis ratio of arbitration and the 
outer diameter of arbitration is formed without shading the flux of light according to the 
diffracted-light study component 51 and the zoom optical system 4 and 6 for 
zona-orbicularis lighting. 

[0117] Moreover, the lighting numerical aperture at the time of above-mentioned 
zona-orbicularis lighting is defined with the beam of light injected from the location of 
the outermost part of the zonaorbicularis-like the secondary light source. Furthermore, 
when performing 4-fold pole lighting under the Ugh ting field of desired magnitude, the 
optimal lighting numerical aperture, the optimal resolution, and the desired depth of 
focus, the 1st mechanical component 34 positions the micro-lens array 31 for 4-fold pole 
lighting in an illumination -fight way based on the command from a control section 14, 
and the 3rd mechanical component sets up the diffracted-light study component 51 for 
4-fold pole lighting in an illumination-light way based on the command from a control 
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section 14. And in order to obtain the lighting field which has desired magnitude on 
Reticle R, the 6th mechanical component 94 sets up the focal distance of the zoom 
capacitor optical system 9 based on the command from a control section 14, and the 7th 
mechanical component 104 sets up the magnitude and the configuration of opening of 
the lighting field diaphragm 10 based on the command from a control section 14. 
Moreover, in order to obtain desired lighting numerical aperture on Reticle R, the 4th 
mechanical component 64 sets up the focal distance of the zoom optical system 6 based 
on the command from a control section 14. Furthermore, in order to shade the flare light 
of the outside of the secondary light source of 4-fold pole configuration, the 5th 
mechanical component 84 sets up the diameter of opening of a tris diaphragm 8 based 
on the command from a control section 14. 

[0118] In addition, the lighting numerical aperture at the time of above-mentioned 
4-fold pole lighting is defined with the beam of light injected from the location most 
distant from the optical axis among the secondary light sources of 4-fold pole 
configuration. Moreover, although the capacitor optical system (zoom capacitor optical 
system 9) for leading the flux of light from the secondary light source to an irradiated 
plane and a fighting field diaphragm [ **** ] was constituted from an above-mentioned 
example so that a focal distance might serve as adjustable, the focal distance of this 
capacitor optical system may be immobilization substantially. 

[0119] As mentioned above, modification of the lighting conditions (exposure conditions 
to Wafer W) to Reticle R may fluctuate the illumination distribution in the exposure 
field on Wafer W. In such a case, with the projection aligner of an one-shot exposure 
mold, the light exposure distribution corresponding to illumination distribution uneven 
in an exposure field arises, and the fight exposure distribution which met in the 
non-scanning direction arises in a scan mold aligner. 

[0120] Since the number of wavefront splitting by the optical integrator is enlarged very 
much in the case of this operation gestalt, even if it changes lighting conditions 
(exposure conditions), fluctuation of the illuminance nonuniformity in an irradiated 
plane and fluctuation of the tele cent rucksack nature of a there are small enough. 
[0121] However, when the amount of fluctuation is nonpermissible, it asks for 
fluctuation of the illumination distribution in the exposure field accompanying 
modification of the lighting conditions (exposure conditions to Wafer W) to Reticle R 
beforehand, and it is desirable to amend illumination distribution Gight exposure 
distribution along a non- scanning direction (the direction of X)) at the time of lighting 
condition (or exposure conditions) modification. 

[0122] It is the technique to which some [ at least ] lens groups which constitute :(l) 
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zoom capacitor optical system 9, for example are moved [ as this technique of carrying 
out illuminance distribution (or light exposure distribution) amendment J about an one 
direction at least among the hands of cut centering on the direction of an optical axis, 
the optical-axis rectangular cross direction, and the optical-axis rectangular cross 
direction.; 

(2) The technique of only two or more groups which serve as a mutually different 
include-angle property preparing the filter which has the include-angle property that 
permeability differs according to whenever [ incident angle ] into the optical path 
between the optical integrator 7 and the zoom capacitor optical system 9 (the optical 
path from which the beam of light injected from the optical axis of the secondary light 
source becomes un-parallel to an optical axis), and exchanging the filter of these two or 
more groups, or the technique of adjusting whenever [ angle-of-inclination / of a filter ] 
in addition to filter exchange; 

(3) The technique which makes deform so that the aperture width which is an optical 
path by the side of the light source, and met the scanning direction rather than the 
optical integrator in the opening configuration of technique; which only two or more 
groups prepare the permeability distribution controller material for being mostly 
positioned by conjugate with an irradiated plane and adjusting permeability 
distribution so that it may become mutually different permeability distribution, and 
exchanges the permeability distribution controller material of these two or more groups, 
and (4) fighting field diaphragm 10 may have predetermined distribution in a 
non-scanning direction; 

There is ****. Illumination distribution on an irradiated plane can be considered as 
distribution of arbitration by combining the technique of either of the technique of - (3), 
or above-mentioned (l) above-mentioned (l) - (3) with arbitration in the projection 
aligner of an one -shot exposure mold. Moreover, the light exposure distribution in the 
non- scanning direction on an irradiated plane is controllable by the scan mold aligner to 
arbitration by combining the technique of either of the technique of - (4), or 
above-mentioned (l) above-mentioned (l) - (4) with arbitration. 

[0123] In addition, the technique currently indicated by JP,10-275771,Aetc. can be used 
for the technique of the above (l). Moreover, the technique currently indicated by 
JP,9-190969,A can be used for the technique of the above (2). And the technique of the 
above (3) should just prepare the permeability distribution controller material indicated 
by above-mentioned JP,64-42821,A, JP,7-130600,A, JP,9-223661,A, JP,10-319321,A, 
JP,2000-21750,A, JP,2000-39505,A, WO 99/No. 36832 official report, etc. exchangeable. 
The technique currently indicated by JP,7142313,A, JP, 10*340854, A, JP, 2000- 58442, A, 



-31- 



JP,2000-82655,A, JP,2000- 114164, A, etc. can be used for the technique of the above (4). 
[0124] In addition, about the amendment technique of illuminance nonuniformity, the 
technique of measuring fluctuation of the illumination distribution on Wafer W at the 
time of modification of lighting conditions other than the technique of asking for 
fluctuation of the illumination distribution in the exposure field accompanying 
modification of the lighting conditions (exposure conditions to Wafer W) to Reticle R 
beforehand, and amending the measured amount of fluctuation may be used. 
[0125] Moreover, as the amendment approach of fluctuation of tele cent rucksack nature, 
the technique of adjusting the location of the direction of an optical axis of the optical 
integrator 7, for example, the technique of leaning some lens groups of the zoom 
capacitor optical system 9, etc. are mentioned. 

[0126] Now, in an above-mentioned operation gestalt, although the diffracted-light 
study components 51-53 were used in order to form the secondary light source of a 
zonaorbicularis configuration, a multipole configuration, and a circle configuration 
without quantity of light loss, the dioptrics component which forms the lighting field of 
a zona orbicularis configuration, a multipole configuration, or a circle configuration in a 
far field according to a refraction operation may be used instead of a diffracted-light 
study component. As such a dioptrics component, it is indicated by WO 99/No. 49505 
official report, for example. 

[0127] by the way, not only in each lens element which constitutes each lens element 
(lens element in the afocal zoom optical system 4, the zoom optical system 6, the zoom 
capacitor optical system 9, and the lighting field- diaphragm image formation optical 
system 11) which constitutes illumination-light study equipment, and projection optics 
PL in this operation gestalt the micro-lens arrays 31, 32, 71, and 72 and diffracted-light 
study component 51- the antireflection film with which acid resisting was made about 
the wavelength of the illumination light is formed in 53, 75, and the front face of cover 
glass 73 and 74. especially the micro-lens arrays 31, 32, 71, and 72 and 
diffracted-light study component 51- since the antireflection film is formed in 53 and 75, 
it is possible to suppress acid resisting here and to raise the illuminance on an 
irradiated plane efficiently. Since there is especially quantity of light loss by diffraction 
efficiency not being 100% about a diffracted-light study component, reduction of the 
quantity of light loss by this antireflection film is important when raising the 
illuminance on an irradiated plane. 

[0128] Here as an ingredient which constitutes an antireflection film A1F3 ; BaF2 
(Aluminum fluoride) ; CaF2 (Barium fluoride) ; CeF3 (Calcium fluoride) ; CsF (Cerous 
fluoride) ; ErF3 (Cesium fluoride) ; GdF3 ((Erbium) Fluoride) ; HfF2 (Fluoride 
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GADOMIUMU) LaF3 ((Hafiiium) Fluoride) ; LiF (Fluoride lanthanum) ; MgF2 (Lithium 
fluoride) ; NaF (Magnesium fluoride) ;Na3AlF6 (Sodium fluoride) ;Na5aluminum3Fl4 
(Cryo light) ; NdF3 (Thio light) ((Neodymium) Fluoride) ;P. bF2 ; ScF3 ((Lead) 
Fluoride) ; SrF2 ((Scandium) Fluoride) ; TbF3 (Strontium fluoride) ; ThF4 ((Terbium) 
Fluoride) ; YF3 ((Thorium) Fluoride) ; YbF3 ((Yttrium) Fluoride) i SmF3 ((Ytterbium) 
Fluoride) ((Samarium) fluoride) DyF 3(dysprosium fluoride) PrF3(praseodymium 
fluoride);EuF3(europium fluoride);HoF3(holmium fluoride); fluoride [ bismuth ] (BiF2); 
-- tetrafluoroethylene resin (polytetrafluoroethylene, PTFE) - 3 fluoridesalt-ized 
methylene resin (polychlorotrifluoroethylene resin, PCTFE), Polyvinyl fluoride (the Pori 
vinyl fluoride, PVF), a tetrafluoroethylene-6 fluoride propylene copolymer (ethylene 
propylene fluoride resin, FEP), Polyvinylidene fluoride resin (polyvinylidene fluoride, 
PVDF), And polyacetal Fluororesin;aluminum203(aluminum oxide);Si02(silicon 
oxide);Ge02(germanium dioxide);Zr02(zirconium dioxide);Ti02(titanium oxide);Ta 205 
which consists of at least one ingredient chosen from the group which consists of 
(POM) ; Nb 205 (Tantalum oxide) ; Hf02 (Niobium oxide) ; Ce02 (Oxidation hafnium) ; 
MgO (Cerium oxide) ; Nd 203 (Magnesium oxide) ; Gd 203 (Neodymium oxide) ; Th02 
(Oxidation gadolinium) ; (Thorium dioxide) Y203(oxidization yttrium) ;Sc203(scandium 
oxide);La 203 (lanthanum oxide) ;P r60 11 (oxidization praseodymium) ZnO (zinc 
oxide) ;P bO (lead oxide); [ The mixture group which consists of two or more ingredients 
chosen from the group of silicon oxide ] And the mixture group and conjugated 
compound group which consist of two or more ingredients chosen from the group of 
conjugated compound group; and an oxidation hafnium; mixture group and conjugated 
compound group; which consists of two or more ingredients chosen from the group of an 
aluminum oxide is mentioned. 

[0129] Therefore, with this operation gestalt, one or more kinds of ingredients chosen 
from the above-mentioned group are used as an ingredient of an antireflection film, the 
antireflection film which consists of the above-mentioned ingredient here •* the 
micro-lens arrays 31, 32, 71, and 72 and diffracted-light study component 51- as the 
technique formed in 53 and 75 vacuum evaporation technique, ion assistant vacuum 
deposition, the ion plating method, the ionized cluster beam method, the sputtering 
method, the ion beam sputtering method, and CVD (chemical vacuum deposition) ■■ law, 
a dip coating method, a spin coating method, a meniscus coating method, a sol gel 
process, etc. are applicable. 

[0130] here easy - the micro-lens arrays 31, 32, 71, and 72 and diffracted-light study 
component 51- the 53 or 75 manufacture technique is explained. First, configuration 
distribution of the lens side of a micro-lens array or distribution of the diffraction 
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pattern of a diffracted-light study component is designed. Next, the exposure original 
edition is created based on a design data. And the substrate of a micro-lens array or a 
diffracted-light study component is prepared, and a photosensitive ingredient is applied 
on the substrate concerned. The pattern on the exposure original edition is imprinted by 
the technique of lithography to the substrate with which sensitive material was applied. 
Then, the substrate concerned is developed and a substrate is etched by using the 
developed pattern as a mask. On a substrate, two or more lens sides (in the case of a 
micro-lens array) or a diffraction pattern (diffracted light study component) is formed of 
this etching. In addition, at once, the step of this exposure, development, and etching is 
not limited. Then, a photosensitive ingredient is removed from a substrate, the thin film 
which consists of the above-mentioned ingredient is formed in a substrate front face by 
above-mentioned technique to the substrate with which two or more lens sides (in the 
case of a micro-lens array) or a diffraction pattern (diffracted light study component) 
was formed, and an antireflection film is formed. 

[0131] thereby - the micro-lens arrays 31, 32, 71, and 72 and diffracted light study 
component 51- the flare light by the quantity of light loss by 53 and 75 and reflection by 
these interfaces is reduced, and illuminance homogeneity becomes possible [ raising the 
illuminance on an irradiated plane (on the Wth page of a wafer) by the good basis ] . 
[0132] in addition, the micro-lens arrays 31, 32, 71, and 72 and diffracted-light study 
component 51- as an ingredient of the substrate for forming 53 and 75, quartz glass and 
the quartz glass with which fluorite and a fluorine were doped can be used. In addition, 
when the precision of etching is taken into consideration, it is desirable to use the 
quartz glass with which quartz glass or a fluorine was doped as a substrate ingredient. 
Moreover, in case the wavelength (I57nm) of F2 laser is used as illumination light, it is 
desirable to use the quartz glass with which the fluorine was doped as a substrate 
ingredient. 

[0133] Although the above explanation explained the case where the wavefront- splitting 
mold optical integrator (a micro-lens array, fly eye lens) which has the microlens side 
arranged in the shape of a two-dimensional matrix as an optical integrator was applied, 
the internal reflection mold optical integrator (a rod mold optical integrator, an optical 
tunnel, optical pipeline) using the internal reflection of a pillar-shaped optical member 
as an optical integrator can also be used. In this case, what is necessary is just to 
arrange the internal reflection mold optical integrator positioned so that an irradiation 
labor attendant might serve as condensing optical system for forming the far field field 
of the diffracted-light study component 75 on the optical plane of incidence of an 
internal reflection mold optical integrator instead of the micro lens arrays 71 and 72 
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and the zoom capacitor optical system 9 in the optical integrator 7 of drawing 1 (a) a 
lighting field- diaphragm location or near that location. In this case, since the magnitude 
of the effectiveness that damage on the optical plane of incidence concerned can be 
reduced since the magnitude of the condensing point of the location of the optical plane 
of incidence of an internal reflection mold optical integrator is expandable with the 
diffracted-light study component 75, and the virtual image of two or more light sources 
formed in the optical plane of incidence concerned itself is expandable with the 
diffracted-light study component 75, it is effective in a setup of a continuous sigma 
value being attained. 

[0134] In addition, in an above-mentioned operation gestalt, although explained taking 
the case of the scan mold aligner, this invention is applicable also to a package mold 
aligner. Moreover, the projection scale factor of projection optics can also be made not 
only into a contraction scale factor but into magnifying power and actual size. 
Furthermore as projection optics, both refraction mold optical system reflective 
refraction mold optical system and total reflection mold optical system are applicable. 
[0135] Moreover, in an above-mentioned operation gestalt, although wavelength which 
the light source 1 supplies was set to 248nm or 193nm, F2 laser which supplies the light 
of a vacuum -ultraviolet region with a wavelength of 157nm as the light source 1 may be 
used. 

[0136] Thus, this invention is not limited to the operation gestalt mentioned above, but 

deformation various by within the limits of this invention is possible for it. 

[0137] 

[Effect of the Invention] As mentioned above, according to this invention, when the 
damage to the optical member in illumination -light study equipment can be reduced, 
improvement in the lighting effectiveness of illumination-light study equipment can be 
aimed at and it applies to a projection aligner, improvement in the image formation 
engine performance can be aimed at. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing the rough configuration of the projection aligner with 
which the illumination-light study equipment concerning the operation gestalt of this 
invention was applied. 
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[Drawing 2] It is drawing showing the operation gestalt of the diffracted-light study 

component as a light source augmentation means of this invention. 

[Drawing 3] It is drawing for explaining the function of a micro-lens array. 

[Drawing 4] It is drawing for explaining the function of the diffracted-light study 

component as a light source augmentation means. 

[Drawing 5] It is drawing for explaining the function of the diffracted-light study 
component as a light source augmentation means. 

[Drawing 6] It is drawing for explaining the effectiveness of a light source augmentation 
means. 

[Drawing 7] It is drawing showing the protection-from-light pattern prepared in cover 
glass. 

[Drawing 8] It is drawing showing another pro tection-from light pattern prepared in 
cover glass. 

[Description of Notations] 
7 : Optical Integrator 

75- Diffracted-light study component Qight source augmentation means) 
73 74: Cover glass 



NOTICES * 

JPO and NCIPI are not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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